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16.  Abstract 


An  integrated  package  of  methods  is  presented  for  evaluating  the  benefits  and  costs  of 
USCG  recreational  boating  safety  (and  similar)  programs  and  regulations.  A general 
procedure  for  developing  specific  accident  model  data  bases  is  presented  along  with  a 
selection  guide  of  model  forms.  An  Accident  Recovery  Model  is  described  in  depth  and 
used  to  develop  benefit  estimations.  Guidelines  for  and  examples  of  the  multistate 
benefit  analysis  technique  are  presented.  The  Box-Jenkins  approach  to  time  series 
analysis  is  described  and  used  to  generate  forecasts  of  future  boating  fatalities. 
Equations  are  developed  for  predicting  the  potential  benefits  of  contemplated  regula- 
tions. Analytic  techniques,  including  intervention  analysis  and  Benefit  Assessment 
Di a gram  methods,are  presented  for  assessing  the  past  benefit  effects  of  USCG  regula- 
tions. Benefit  evaluation  examples  includi  the  level  flotation,  safe  powering,  safe 
loading,  and  basic  flotation  regulations.  Some  basic  interrelationship  models  are 
presented  to  illustrate  the  nature  of  the  marine  market  and  the  cost  transfers  re- 
quired for  tracking  cost  elements. w-A  general  set  of  cost  trees  is  developed  from 
which  specific  cost  trees  can  be  derived.  The  general  cost  tree  is  used  as  a basis 
for  the  derivation  of  the  specific  example  of  canoe  flotation.  An  assessment  of  the 
costs  of  the  basic  flotation  regulatiori  Is  performed.  Procedures  are  provided  that 
show  the  analyst  how,  when,  and  what  tyfce  of  heuristic  model  to  use  to  accommodate 
a given  level  and  quality  of  cost  data.  Theory  and  techniques  for  the  application  of 
inflation  and  discounting  adjustments  are  provided  for  cost  assessments  and  predic- 
tions. 
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I EXECUTIVE  SUMMARY 


1.0  INTRODUCTION 

This  report  describes  research  performed  under  the  second  phase  of  the  Regulatory 
Effectiveness  Methodology  Project.  The  purpose  of  this  project  is  to  provide  the 
Coast  Guard  with  an  integrated  package  of  techniques  for  evaluating  the  effects  of 
its  safety  regulations  and  programs  in  the  area  of  recreational  boating  safety. 

The  current  phase  of  work  was  devoted  mainly  to  boating  standards,  but  most  of  the 
techniques  developed  are  also  applicable  to  other  safety  regulations  and  programs. 

The  Coast  Guard  analyst  may  view  this  report  as  a tool  kit  which  contains  both 
tools  needed  for  predicting  the  potential  benefits  and  costs  of  contemplated  regu- 
lations and  tools  for  assessing  the  benefit  and  cost  effects  of  past  and  current 
regulations.  In  some  instances,  more  than  one  method  is  presented  so  that  the 
analyst  can  choose  the  one  which  works  best  with  the  kind  of  data  he  has. 

In  Section  2.0  of  this  summary,  a general  description  of  benefit  and  cost  criteria 
is  presented.  We  then  summarize  the  main  body  of  the  report  in  Section  3.0. 


2.0  BENEFIT  AND  COST  CRITERIA 


Probably  one  of  the  most  formidable  tasks  facing  any  regulatory  analyst  is  that 
of  determining  measurable  benefit  and  cost  factors.  These  factors  are  agency 
unique.  In  the  ease  of  benefits,  the  regulator  analyst  must  determine  the 
degree  to  which  benefits  will  accrue  with  a regulatory  action.  This  is  its 
benefit  measure.  In  the  cost  factors  determination , those  cost  areas  that 
increase  due  to  the  regulatory  action  must  be  noted.  This  is  analogous  to  the 
proverbial  two-sided  sword.  Some  costs  increase  due  to  regulation  while  others 
decrease.  A candidate  regulatory  alternative  is  one  where  the  costs  that  accrue 
are  less  than  the  benefits  which  accrue  over  the  expected  life  of  the  alterna- 
tive. 

A baseline  state  or  condition  must  be  recognized.  This  state  could  be  that 
there  is  no  regulation  or  that  one  presently  in  effect  is  not  adequately 
doing  its  originally  intended  job.  As  stated  previously  the  problem  is  to 
select  the  candidate  regulatory  alternatives  that  promise  the  best  improve- 
ment over  the  baseline  state  over  some  predetermined  number  of  years  for 
which  the  alternative  chosen  is  expected  to  be  in  force. 

A method  of  identifying  cost  and  benefit  factors  is  to  go  through  the  process  of 
explicitly  describing  every  relevant  claimant  group  or  system  claimant  in  terms 
which  are  meaningful  and,  hopefully,  measurable.  "Because  decisions  usually 
have  a broader  effect  than  the  expected  direct  impact,  the  interests  of  many 
claimant  groups  may  require  consideration"  (Reference  1-1).  Cleland  and  King 
(Reference  1-2,  pp  19-23)  use  the  expression  "system  claimant"  to  be  any  group 
that  has  a "stake"  in  the  system  - those  who  have  a stake  in  the  activities  and 
future  of  the  system. 

Thus,  workers,  stockholders,  suppliers,  and  customers,  to  mention  just  a few, 
are  relevant  groups  of  the  system  for  most  regulatory  analysis  and  the  impact  of 
regulatory  decisions  on  all  of  them  mcst  be  considered  in  a rational  systems 
approach  to  the  problem. 

Each  system  claimant  has  goals  which  are  related  to  the  nature  of  its  claim  on 
the  system.  Explicit  and  objective  consideration  of  these  claimants  and  the 
nature  of  their  claims  permit  the  systems  viewpoint  to  be  adopted  and  provide 
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the  opportunity  for  the  measurement  which  is  so  critical  to  prediction  and 
regulatory  decision  making.  Figure  1-1  shows  the  myriad  of  system  claimants 
typically  involved  in  regulatory  decisions.  This  identification  is  broad  in 
context  and  does  not  attempt  to  portray  mutually  exclusive  groups  of  claimants 
but  rather  to  indicate  areas  of  regulatory  impact.  Every  proposed  regulatory 
action  will  affect  the  various  groups  in  different,  and  often  mutually  contra- 
dictory ways. 

A comprehensive  view  requires  that  attention  be  extended  beyond  the  boundaries 
of  those  things  which  are  immediately  assessed  or  predicted  to  encompass  those 
environmental  aspects  which  may  only  be  influenced  by  regulatory  actions,  and 
indeed  to  those  elements  of  the  environment  which  must  simply  be  accepted  as 
"facts  of  life"  since  their  effects  are  too  fuzzy  and  ill-defined  for  either 
measurement  or  prediction.  Their  existence  is  recognized  but  an  inability  to 
deal  with  them  effectively  in  quantitative  terms  is  likewise  recognized. 

A regulatory  action  is  designed  under  the  assumption  that  its  enactment  will  result 
in  a higher  benefit/cost  ratio  than  either  no  regulation  or  than  some  other  regula- 
tions that  are  being  contemplated  or  that  are  currently  in  effect.  It  is  recognized 
that  any  regulatory  action,  like  any  other  system  perturbation  will  result  in  a chain 
of  effects.  According  to  Cl  el  and  and  King  (Reference  1-2,  p.  37): 

This  chain  of  effects  in  going  from  a problem  to  immediate  consequences 
then  to  second-order  consequences  and  newly  created  problems  is  one  of  the 
pervasive  characteristics  of  modern  social  systems.  Quite  literally,  in 
such  systems  everything  depends  on  everything  else  and  often  in  ways  so 
complex  and  roundabout  that  it  is  difficult  to  understand  the  interrela- 
tionships. 

For  each  regulatory  agency  the  problem  of  determining  which  measures  of  benefits 
and  costs  are  first-order  and  which  are  second-order  consequences  can  be  a big 
one.  The  expression  "second-order  consequences"  was  first  used  by  Bauer  (Refer- 
ence 1-3,  p.  15).  The  use  of  first-order  and  second-order  consequences  seems 
most  appropriate  to  assist  in  explaining  the  effects  due  to  regulatory  activi- 
ties. First-order  consequences  as  used  in  this  research  refer  to  those  benefits 
and  costs  that  are  in  some  way  measurable,  while  second-order  consequences  are 
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EMPLOYEES 


those  that  are  recognized  to  be  in  effect  but  for  which  measures  are  unavailable 
or  impossible  to  estimate.  The  latter  are,  therefore,  recognized  as  biases  and 
can  be  used  in  a subjective  or  qualitative  fasion  in  making  any  final  decisions. 
Figure  1-2  presents  some  typical  benefits  and  cost  factors  that  are  applicable 
to  the  U.  S.  Coast  Guard  and  for  that  matter  to  other  agencies  such  as  the  National 
highway  Traffic  Safety  Administration  (NHTSA),  Federal  Aviation  Administration 
(FAA),  Occupational  Safety  Health  Administration  (OSHA),  Consumer  Product  Safety 
Administration  (CPSC),  and  Nuclear  Regulatory  Commission  (NRC). 

As  has  been  mentioned,  problems  invariably  exist  in  attempting  to  locate  the 
system  claimant  groups,  much  less  measure  their  costs  or  losses.  The  situation 
is  further  compounded  by  any  attempt  to  equitably  apply  a cost  factor  to  speci- 
fic system  claimants.  For  example,  how  can  the  loss  of  employee  jobs  be  costed? 

It  is  not  inconceivable  that  some  affected  employees  could  lose  not  only  their 
jobs  but  everything  of  monetary  value,  not  to  mention  non-monetary  losses.  Cred- 
itors and  stockholders  can  accrue  losses  some  of  which  are  deductible.  How  do 
you  distinguish  whether  such  losses  are  truly  losses  or  benefits?  Some  investors 
actively  look  for  tax  write-offs.  This  report  attempts  to  provide  means  for 
answering  such  problem  areas. 


CONSEQUENCES 


FIGURE  1-2.  TYPICAL  MEASURABLE  AND  IMMEASURABLE  CONSEQUENCES  OF  REGULATION 


3.0  REPORT  SUMMARY 


In  Section  II,  we  present  an  overview  of  Coast  Guard  activities  in  the  areas  of 
recreational  boating  safety.  A general  "activity  profile"  is  described  and  some 
guidelines  for  taking  into  account  the  cross-impacts  between  different  projects 
are  suggested. 

A workflow  procedure  for  implementing  data  analysis  and  data  base  development 
efforts  is  presented  in  Section  III.  A selection  guide  of  different  model  forms 
is  provided  to  help  the  analyst  in  choosing  a model  form  which  best  meets  his 
needs.  The  models  developed  might  be  used,  for  instance,  to  estimate  the  poten- 
tial effectiveness  of  a contemplated  regulation. 

The  Accident  Recovery  Model  (ARM)  is  described  in  Section  IV.  This  phase  of  work 
on  ARM  was  a joint  effort  of  this  project  and  Phase  II  of  the  PFD  Project  (Ref- 
erence 1-4),  with  this  project  providing  the  majority  of  the  support.  The  model 
is  described,  numerous  statistical  data  are  given  and  some  benefit  estimation 
examples  are  presented.  Guidelines  for  the  use  of  the  multistate  benefit  analysis 
method  are  provided  and  an  appendix  provides  all  of  the  information  about  the 
ARM  data  base  which  is  needed  for  one  to  property  access  it. 

In  Section  V,  we  describe  time  series  analysis  techniques  including  the  powerful 
Box-Jenkins  Autoregressive  Integrated  Moving  Average  (ARIMA)  method.  A step-by- 
step  procedure  for  using  this  sophisticated  method  is  provided.  Relationships 
between  boating  fatality  data  and  other  "related"  variables  such  as  marine  fuel 
usage  are  investigated  and  found  to  be  lacking. 

In  Section  VI,  we  develop  a method  for  predicting  the  potential  benefits  of  a con- 
templated safety  standard.  This  method  involves  producing  forecasts  of  future 
fatalities  (without  the  standard),  and  using  the  relationship  between  fatalities 
and  boat  age.  Both  the  forecasts  and  "fatality  vs.  boat  age"  relationship  are. 
developed,  as  are  appropriate  benefit  prediction  equations.  These  are  then  used 
to  predict  that  an  estimated  92  lives  will  be  saved  during  the  first  three  years 
that  the  new  level  flotation  standard  for  outboard  boats  is  in  effect.  The 
benefit  will,  of  course,  increase  over  time  as  new  boats  which  conform  to  the 
standard  replace  older,  non-conforming  boats  in  the  boat  population. 


Methods  for  assessing  the  benefits  achieved  by  past  and  current  Coast  Guard  regu- 
lations are  described  in  Section  VII.  Two  basic  methods  are  provided.  One,  the 
intervention  analysis  method  involves  sophisticated  analyses  of  time  series  fatal- 
ity data.  It  is  used  to  show  that  no  detectable  benefit  was  realized  from  the 
safe  powering  and  safe  loading  interim  standards,  but  that  between  August  1973  and 
December  1976  approximately  560  lives  were  saved  by  the  basic  flotation  interim 
standard  (and  other  programs  such  as  new  PFD  carriage  requirements,  and  state  boating 
programs  that  became  effective  at  about  the  same  time).  Benefit  Assessment  Diagram 
methods  are  then  presented  and  applied  to  data  related  to  the  interim  safe  powering 
standard.  It  is  shown  that  while  the  provisions  of  the  regulation  are  effective  in 
saving  lives  there  is  no  detectable  change  in  the  effectiveness  of  the  standard  as 
compared  to  the  industry  standard  on  which  it  was  based. 

General  cost  relationships,  market  interrelationships,  fundamental  cost  models, 
cost  transference,  basic  demand,  cost  profiles,  regulation  life/breakeven  point 
and  control  sphere  cost  tree  models  are  presented  and  discussed  in  Section  VIII. 

This  section  also  contains  two  specific  sets  of  cost  trees  - one  for  canoe 
flotation  and  another  for  PFD  carriage  requirements.  Section  VIII  contains  the 
essential  elements  necessary  to  formulate  cost  models  for  any  regulatory  alter- 
native. 

In  going  from  the  theory  of  regulatory  costing  to  pragmatic  implementation,  many 
specific  cost  related  factors  must  be  considered.  These  are  presented  in  Section 
IX.  This  section  contains  some  guidelines  for  the  use  of  cost  matrices  derived 
from  the  cost  trees,  a discussion  of  the  theory  and  application  of  inflationary 
adjustments  for  both  assessments  and  predictions,  an  analysis  of  discounting 
time-distributed  costs  and  benefits,  and  procedures  for  estimating  manufacturing 
costs  in  an  environment  of  uncertainty.  This  last  area  presents  cost  deriva- 
tions from  a heuristic  perspective  since  data  elements,  generally,  will  be 
random  variables.  Two  options  are  described  for  the  analyst  confronted  with  the 
regulatory  cost  problem.  One  illustrates  the  process  when  the  market  share 
information  is  available  while  the  other  provides  a method  for  deriving  aggre- 
gate industry  cost  when  the  unit  costs  and  number  of  units  sold  can  be  derived. 

Also,  in  this  section,  the  methods  presented  are  used  to  derive  a prediction  for 
canoe  flotation  costs. 
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Section  X is  totally  dedicated  to  the  assessment  of  the  basic  flotation  standard 
for  boats  under  20  feet  in  length.  While  the  cost  analysis  for  this  standard  is 
similar  in  many  aspects  to  that  for  the  canoe  flotation,  the  data  sources  and 
retrieval  methods  are  entirely  different.  Therefore,  the  theory  is  the  same  while 
the  approach  to  the  solution  is  unique  to  the  problem.  Considerable  engineering 
judgment  was  required  in  establishing  cost  data  cells,  material  and  propulsion 
groupings,  and  boat  type  categories. 

In  Section  XI,  data  requirements  for  benefit  and  control  sphere  analyses  are 
presented.  It  is  suggested  that  more  accurate  and  complete  reporting  of  accident 
data  occur  and  that  the  coding  accuracy  of  data  being  entered  into  the  Master  File 
data  base  be  improved.  In  particular,  it  is  noted  that  a great  improvement  in 
coding  boat  year  of  manufacture  could  and  should  occur.  Certain  additional  data 
should  also  be  added  to  the  Master  File.  These  include  HINs  (Hull  Identification 
Numbers),  "total  accident"  fatality,  injury  and  property  damage  values,  and  vari- 
ables, such  as  PFD  type,  related  to  new  or  potential  regulations.  Some  of  the  cost 
resulting  from  inclusion  of  these  improvements  can  be  saved  by  deleting  some  of  the 
more  subjective,  less  reliable  data  currently  included  in  the  Master  File. 

Control  sphere  modeling  has  its  own  data  problems.  Although  this  report  presents 
"ideal"  costing  trees,  a pragmatic  approach  is  emphasized.  Cost  and  related  data 
is  usually  not  available  in  the  detail  indicated  in  the  "ideal"  trees.  As  a con- 
sequence, cost  aggregation  and  approximation  must  usually  be  used  in  which  several 
cost  types  are  combined  and/or  approximated  in  order  to  be  able  to  obtain  data  at  a 
reasonable  expense.  To  ease  the  data  problems  inherent  in  costing,  a "delta" 
approach  has  been  taken  in  which  costs  changes  from  a pre-regulation  baseline  are 
estimated,  rather  than  total  costs  being  estimated.  In  general,  it  has  been  found 
that  data  on  cost  changes  is  easier  to  obtain  than  is  data  on  total  costs. 
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II  THE  COAST  GUARD  ACTIVITY  PROFILE 


1.0  INTRODUCTION 

The  Coast  Guard,  through  various  laws  passed  by  the  Congress,  has  been  provided 
with  responsibilities  in  the  area  of  boating  safety  and  various  means  of  carry- 
ing out  those  responsibilities.  Some  of  those  means  are  direct,  such  as  PFD 
carriage  requirements,  and  some  are  indirect,  such  as  publication  of  research 
results  in  the  form  of  "Design  Concepts."  Whether  direct  or  indirect,  all 
present  Coast  Guard  activity  falls  into  two  broad  categories: 

) 

• Actions  aimed  at  influencing  boat  or  equipment  performance 

• Actions  aimed  at  influencing  human  performance. 

Both  of  these  broad  categories  of  actions  include  standards,  enforcement,  and 
education  activity  as  depicted  in  Figure  II-l. 

The  problem  facing  the  analyst  is  that  the  various  activities  falling  with  the 
blocks  depicted  in  Figure  II-l  are  not  independent. 
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FIGURE  II-l.  OVERVIEW  OF  COAST  GUARD  ACTIVITY  AREAS 


2.0  AN  OVERVIEW  OF  COAST  GUARD  ACTIVITIES 
IN  RECREATIONAL  BOATING  SAFETY 


Although  the  Coast  Guard  does  not  exercise  the  sweeping  regulatory  power  of  some 
other  federal  agencies  such  as  the  Food  and  Drug  Administration,  it  does  have  a 
wide  spectrum  of  means  available  to  it  for  promoting  recreational  boating  safety. 
The  Federal  Boat  Safety  Act  of  1971  (FBSA)  gave  the  Coast  Guard  a number  of  pow- 
ers, including  the  power  to  set  safety  standards,  encourage  state  and  nonprofit 
organization  safety  programs,  and  encourage  uniformity  in  state  boating  laws  and 
accident  reporting.  It  also  provided  for  the  establishment  of  a National  Boating 
Safety  Advisory  Committee  which  acts  in  an  advisory  capacity  to  the  Coast  Guard, 
and  it  included  a Good  Samaritan  Clause,  protecting  boaters  who  act  as  rescue 

agents  from  any  damage  suits  relating  to  the  aid  they  provide. 

! 

The  Coast  Guard  may  develop  standards  for  boats  and  boating  safety  equipment, 
require  manufacturers  to  construct  their  products  to  these  standards  and  enforce 
these  requirements.  In  the  area  of  mandatory  standards,  the  Coast  Guard  does  not 
certify  manufacturers'  boats  as  meeting  the  standards.  Rather,  a self-certifica- 
tion program  exists  in  which  manufacturers  certify  their  own  products  as  meeting 
Coast  Guard  standards.  Self-certification  is  checked  through  a compliance  testing 
program  in  which  the  Coast  Guard  tests  equipment  which  is  believed  to  be  in  non- 
compliance  or  to  have  some  other  safety  defect.  The  Coast  Guard  can  require  the 
recall  and  repair  at  manufacturers'  expense  of  any  equipment  found  defective.  In 
the  case  of  personal  flotation  devices,  products  which  a manufacturer  desires  to 
have  labeled  as  Coast  Guard  approved  must  meet  certain  performance  criteria  and 
must  be  tested  at  the  manufacturer's  own  expense  by  an  independent  laboratory 
selected  by  the  Coast  Guard. 

Additionally,  the  Coast  Guard  visits  factories  and  attends  industry  seminars  to 
check  on  actual  manufacturing  practices  as  they  relate  to  standards  regulation 
and  to  help  educate  manufacturers  as  to  the  technical  aspect  of  the  standards  and 
how  they  may  be  implemented.  This  is  not  to  imply  that  the  Coast  Guard  requires 
that  standards  be  met  by  following  specific  construction  practices.  Rather,  the 
standards  specify  performance  criteria  which  must  be  met.  However,  as  many 
manufacturers  are  too  small  to  have  research  capabilities  needed  to  convert 
performance  standards  Into  engineering  criteria,  the  Coast  Guard  tries  to  help 
manufacturers  by  showing  them  ways  in  which  the  performance  standards  can  be  met. 
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In  addition  to  the  issuance  of  mandatory  standards,  the  Coast  Guard  has  two  other 
means  of  promoting  safety  through  product  design.  The  Coast  Guard  works  closely 
with  industry  standards  groups,  which  impose  standards  requirements  on  their 
members.  For  example,  in  order  for  a manufacturer’s  boat  to  be  certified  by  the 
Boating  Industry  Association  (BIA),  it  must  meet  all  of  the  relevant  BIA  standards 
as  well  as  the  mandatory  Coast  Guard  standards.  Those  industry  association 
standards  which  are  not  government  mandated  are  termed  "v-luntary  standards." 

The  Coast  Guard  often  works  with  industry  standards  associations  in  developing 
voluntary  standards.  Indeed,  there  have  been  both  instances  in  which  the  Coast 
Guard  has  taken  industry  developed  standards  and  made  them  mandatory  and  instances 
in  which  it  has  developed  a standard  and  allowed  industry  groups  to  adopt  it 
as  a voluntary  standard  rather  than  making  it  mandatory. 

The  third  means  the  Coast  Guard  has  of  promoting  product  safety  is  through  the  use 
of  guidelines.  It  may  develop  and  publish  guidelines,  called  "design  concepts," 
the  adherence  to  which  it  feels  will  increase  the  safety  of  boats  or  related 
equipment.  A design  concept  developed  on  explosion  relief  vents  is  an  example. 
Neither  the  Coast  Guard  nor  industry  associations  require  compliance  with  these 
concepts.  However,  compliance  with  the  concepts  as  well  as  with  voluntary 
standards  is  often  "promoted"  by  manufacturers'  recognition  that  noncompliance 
might  result  in  unfavorable  decisions  in  product  liability  suits  and  possibly 
in  increased  product  liability  Insurance  rates. 

Whether  the  Coast  Guard  is  dealing  with  a mandatory  standard,  a voluntary  standard 
or  a design  concept,  it  works  closely  with  industry  and  boating  groups  to  help 
ensure  that  program  goals  are  met.  Thus,  as  described  above,  it  might  offer  manu- 
facturers suggestions  on  possible  means  of  achieving  the  performance  goal  of  a 
standard  and  suggest  test  procedures  a manufacturer  might  use  in  order  to  be  able 
to  certify  compliance  with  the  standard.  The  decision  as  to  whether  a mandatory 
standard,  a voluntary  standard  or  a guideline  is  most  appropriate  is  based  on  an 
evaluation  for  each  alternative  of  Its  expected  effectiveness,  cost  and  acceptance 
by  industry  and  boaters. 
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Most  of  the  Coast  Guard's  work  in  education  is  aimed  at  encouraging  and  helping 
state  and  volunteer  organization  education  programs.  A "minimum  education 
guide"  is  being  developed  which  will  describe  the  minimum  safety  material  any 
approved  boating  safety  course  should  contain.  Additionally,  research  is  being 
carried  out  to  determine  the  most  effective  means  of  delivering  safety  education 
material  through  the  various  media  to  the  boating  public.  The  results  of  this 
research  will  be  made  available  to  states  and  to  volunteer  org>  izations  such  as 
the  Coast  Guard  Auxiliary.  A strong  effort  has  been  mounted  by  the  Coast  Guard 
to  encourage  states  and  volunteer  organizations  to  improve  and  expand  their 
boating  safety  programs.  This  effort  includes  providing  grants  ana  "seed  money." 
The  Coast  Guard  also  produces  its  own  boating  safety  materials  including  pamphlets 
and  radio  and  television  spot  promotions.  Additionally,  it  conducts  seminars 
and  other  programs  to  educate  state  and  district  personnel  in  safety  matters, 
including  safety  enforcement  and  accident  reporting. 

The  programs  of  the  Auxiliary  form  an  extremely  important  part  of  the  Coast 
Guard's  educational  effort.  The  Auxiliary  not  only  teaches  free  boating 
education  courses,  but  it  offers  free  courtesy  boat  safety  inspections.  In 
addition,  it  has  recently  been  active  in  the  Coast  Guard's  dealer  visitation 
program,  aimed  at  encouraging  marine  dealers  to  carry  safety  related  educational 
materials. 

The  Coast  Guard's  enforcement  program  concentrates  on  two  main  areas:  manu- 
facturers and  operators.  Manufacturers  certify  their  boats  as  complying  with 
Coast  Guard  standards.  The  Coast  Guard  performs  compliance  tests  on  those  boats 
suspected  of  being  defective  to  determine  if  they  do,  indeed,  comply  with  regula- 
tions. Defective  products  are  discovered  through  this  testing  as  well  as  from 
reports  by  manufacturers,  dealers  and  boaters,  and  possibly  from  the  analysis  of 
accident  reports.  The  FBSA  gives  the  Coast  Guard  power  to  require  a manufacturer 
of  defective  products  to  recall  them  and  to  correct  the  defects  at  the  manu- 
facturer's own  expense.  The  Coast  Guard  also  has  the  legal  authority  to  fine 
manufacturers  whose  products  are  not  in  compliance  with  mandatory  standards. 

This  power  has  been  used  with  discretion,  although  fines  for  serious  violations 
could  be  as  much  as  $2,000  per  offense  up  to  a maximum  of  $100,000. 


1 1-5 


I 

V 

The  FBSA  also  provided  that  regulation  of  manufacturers,  vis-a-vis  boating  safety 
standards,  be  strictly  on  the  federal  level.  Thus,  state  governments  have  no 
authority  over  manufacturers  in  this  area.  However,  states  do  have  powers  in 
the  area  of  writing  and  enforcing  boat  operator  safety  requirements.  Require- 
ments on  operators  include  carriage  requirements  ( i . e. , proper  number  and  type 
of  PFDs  and  other  accessory  safety  equipment),  maintaining  boats  in  a safe 
condition  (e.g.,  fuel  and  electrical  requirements),  and  operating  boats  in  a 
safe  manner.  Although  certain  operator  requirements  are  federally  mandated 
(such  as  requirements  on  the  numbers  and  types  of  PFDs  carried),  the  states  can 
impose  stricter  requirements  on  operators.  Thus,  for  instance,  some  states 
limit  the  size  motor  an  operator  may  use  on  his  boat  to  the  suggested  maximum 
appearing  on  its  federally  mandated  capacity  plate.  Additionally,  states  have 
varying  boat  registration  requirements  and  a few  have  operator  registration 
requirements,  such  as  certification  of  young  operators.  The  Coast  Guard  is 
encouraging  states  to  bring  their  operator  and  boat  registration  requirements 
into  closer  uniformity.  It  also  is  encouraging  the  states  to  take  on  a larger 
share  of  the  responsibility  of  enforcing  operator  requirements  on  joint  state/ 
federal  jurisdiction  waters. 

In  addition  to  state  enforcement  of  operator  requirements,  the  Coast  Guard  main- 
tains Boating  Safety  Detachments  (BOSDETs)  which  patrol  joint  jurisdiction  waters 
and  are  empowered  to  enforce  federal  operator  requirements.  The  BOSDETs  are 
also  responsible  for  training  state  enforcement  personnel  on  an  as-invited  basis 
and  they  provide  educational  programs  at  marinas,  campgrounds,  and  public  boating 
facilities. 
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3.0  DEVELOPMENT  OF  THE  GENERAL  ANO  DETAILED  ACTIVITY  PROFILES 


Before  proceeding  further,  we  need  to  introduce  some  terminology.  Projects, 
such  as  development  of  a particular  standard  or  educational  television  spot 
announcement,  are  planned  and  executed  or  discarded  too  rapidly  to  include  in 
a general  use  profile  for  the  Office  of  Boating  Safety.  Thus,  we  have  developed 
what  we  elect  to  call  a "general"  activity  profile— one  that  depicts  areas  of 
activity  that  are  allowed  or  required  by  law— but  may  or  may  not  contain  existing 
projects.  Using  this  "macroscopic"  profile,  the  analyst  can  determine  where 
there  is  potential  for  activity  which  would  affect  his  project.  Based  on  that 
determination,  he  can  seek  out  the  Office  of  Boating  Safety  organizational  units 
charged  with  administering  a particular  activity,  and  determine  if  they  have  any 
existing  or  planned  projects  potentially  impacting  his  projects  in  a significant 
way.  Thus,  the  analyst  will  develop  a "detailed"  profile  of  projects  which  may 
affect  his  project,  starting  first  with  the  general  profile. 

Figure  I 1-2  presents  a possible  general  profile.  It  was  derived  by  carrying 
Figure  II-l  down  to  more  levels  of  detail.  As  was  mentioned  earlier,  this 
activity  profile  was  not  meant  to  reflect  either  G-B  organizational  structure 
or  present  activity  alone.  As  an  example  of  the  latter,  "operator  licensing" 
is  shown  under  "minimum  performance  criteria"  for  operator  performance,  although 
we  know  of  no  current  federal  projects  examining  that  possible  action.  However, 
licensing  is  certainly  within  the  scope  of  possible  (though  not  necessarily 
probable)  future  actions  and  therefore  was  included. 


4.0  DISCUSSION  OF  CROSS-IMPACTS  OF  PROJECTS  WITHIN  THE  ACTIVITY  SPHERE 


The  main  reason  for  analyzing  the  activity  sphere  is  to  determine  points  where 
cross-impacts  exist  between  projects  being  planned  by  two  different  programs 
within  the  Office  of  Boating  Safety.  These  cross-impacts  can  be  positive  or 
negative,  and  affect  either  costs  or  benefits.  Let  us  review  some  examples 
affecting  benefits: 

1)  Directly  Negative  - During  the  development  of  the  level  flotation 
regulation,  Wyle  discovered  that  some  accident  victims,  when  con- 
fronted with  an  accident  in  a level  flotation  boat,  elected  to  jump 
out  of  the  boat  due  to  a misinterpretation  of  the  advice  in  many 
education  programs  to  "hold  onto  the  boat"  after  an  accident.  If 
current  education  programs  are  not  revised  to  reflect  new  advice  for 
level  flotation  boats,  new  education  programs  might  reduce  the  effec- 
tiveness of  a canoe  level  flotation  standard. 

/ 

2)  Directly  Positive  - A new  high  intensity  television  spot  announcement 
program  aimed  at  counseling  people  to  stay  with  their  boat  might 
increase  the  effect  of  a new  canoe  level  flotation  standard. 

3)  Positive,  But  Not  Additive  - Strict  enforcement  of  a carriage  require- 
ment for  life  jackets  to  be  readily  accessible  within  an  arm's  length 

to  all  passengers  on  board  might  have  positive  benefits.  If  that  benefit 
could  be  predicted,  the  prediction,  based  on  past  accidents,  might 
include  people  that  the  canoe  level  flotation  analysis  also  would  pre- 
dict saving.  Thus,  the  promulgation  of  both  actions  would  be  less  than 
the  predicted  effectiveness  of  each  action  separately.  On  the  other 
hand,  the  readily  accessible  life  jackets  might  reduce  sudden  drownings, 
increasing  the  effectiveness  of  the  canoe  flotation  proposal.  Thus, 
these  two  regulations  would  probably  require  consideration  through  one 
combined  or  "packaged"  cost-benefit  analysis. 

The  likelihood  that  cross-impacts  would  significantly  affect  cost  is  less  than  the 
likelihood  that  they  would  significantly  affect  benefits.  Most  such  cost  cross- 
impacts appear  as  If  they  would  come  from  the  parallel  promulgation  of  actions 
within  the  Standards  Division.  As  an  example,  a change  in  the  safe  loading  criteria 
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to  allow  lower  length  boats  to  carry  more  gear  weight  would  increase  the  cost  of 
flotation  for  those  boats. 

Upon  reaching  this  point  in  the  development  of  the  cost-effectiveness  analysis, 
the  analyst  should  be  trying  to  find  out  what  everyone  else  in  the  Coast  Guard  is 
planning  or  doing  that  might  affect  the  costs  or  benefits  for  the  proposal  he  is 
analyzing.  He  needs  to  identify  potential  cross-impacts  for  inclusion  in  his 
analysis  later  on. 


5.0  INITIAL  IDENTIFICATION  AND  ANALYSIS 
OF  PROJECTS  HAVING  POTENTIAL  CROSS- IMPACTS 


Figure  I 1-2  was  presented  as  a general  boating  safety  activity  profile.  All 
safety  related  actions  within  the  Office  of  Boating  Safety  should  fall  within 
one  of  the  block  descriptors  within  that  tree.  An  analyst  contemplating  a 
particular  safety  action,  however,  must  have  more  detail  than  appears  in  that 
figure  concerning  present  or  future  projects  which  may  affect  his  assumptions  in 
predicting  either  future  costs  or  benefits.  He  needs  to  know  present  and  antic- 
ipated actions  at  the  project,  or  detailed  level.  The  analyst's  first  step 
should  be  to  review  Figure  I 1-2 , or  an  updated  and  more  complete  version 
thereof,  to  identify  which  blocks  might  contain  activity  which  could  positively 
or  negatively  affect  the  predicted  costs  or  benefits  for  the  project  he  is 
analyzing.  Once  the  blocks  with  potential  impact  have  been  selected,  he  needs 
to  obtain  more  information  on  planned  activity  within  those  blocks.  With  that 
information  in  hand,  he  should  be  able  to  identify  other  projects  within  the 
office  having  a high  or  medium  chance  of  impacting  his  project.  The  impact  of 
those  projects  will  then  have  to  either  be  included  in  his  analysis,  or  the 
character  of  his  project  changed,  or  the  character  of  the  impacting  projects 
changed  in  order  to  allow  the  Coast  Guard  to  promulgate  a package  of  interrelated 
projects  optimized  in  view  of  these  grouped  cost,  benefit,  and  policy  considera- 
tions. 

As  an  example,  we  will  run  through  how  a preliminary  "cross-impact  analysis"  of 
the  canoe  flotation  project  would  proceed.  Figure  I 1-3  has  been  reproduced  as 
Figure  1 1-2  with  x’s  in  the  top  righthand  corners  of  terminal  blocks  containing 
activity  which  might  affect  the  costs  or  benefits  to  accrue  from  the  Canoe  Flota- 
tion Program.  Note  that  the  vast  majority  of  the  terminal  blocks  contain  x's  and 
it  could  be  argued  that  all  of  them  should,  but  for  the  present  discussion  those 
with  extremely  marginal  cross-impacts  were  left  out.  Next,  the  analyst  would 
determine  which  of  these  activities  are  already  included  in  the  proposed  project. 
The  Canoe  Flotation  Project  could  result  in  a construction  standard,  and  let  us 
say  that  it  includes  recommended  labels  and  signs  and  that  a compliance  program 
has  already  been  designed,  based  on  past  experience,  to  obtain  90%  compliance 
through  manufacturer  education  and  compliance  enforcement  programs.  Thus,  the 
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project  has  already  "factored  in"  all  the  relevant  blocks  under  "Actions  Aimed  at 
Influencing  Boat  or  Equipment  Safety  Performance"  in  Figure  I 1-3.  The  remaining 
blocks  are  listed  in  Table  II-l. 

Switching  actions  affecting  operator  performance,  our  analyst  has  identified  many 
blocks  which  might  affect  his  project.  In  order  to  find  out  what  activity  may  be 
taking  place  within  those  blocks,  he  identifies  the  organizational  components  of 
the  Office  of  Boating  Safety  (Column  2 of  Table  II-l)  which  administer  those  activ- 
ity blocks.  Next,  he  completes  a brief  abstract  of  the  Canoe  Level  Flotation  Proj- 
ect (Figure  I 1-5)  and  forwards  it  along  with  a cross-impact  analysis  cover  letter 

(Figure  1 1-4)  and  form  ( Figure  1 1-6 ) to  the  organizational  components  from  Column  2 

of  Table  II-l.  The  branches  then  complete  the  forms  and  return  them  to  the  analyst. 
Any  projects  having  high  or  medium  potential  impact  require  the  following  steps: 

1)  Familiarization  - The  analyst  must  determine  for  himself  if  the  cross- 
impact evaluation  made  by  the  branch  project  manager  is  correct.  If  he 

does  not  agree,  he  and  the  branch  project  manager  must  agree  on  a new 
rating. 

2)  Analysis  and  Selection  of  Alternatives  - Each  high  or  medium  cross- 
impact project  must  be  analyzed  and  a decision  made  whether  to: 

a)  change  the  project  the  analyst  is  working  on, 

b)  change  the  project  identified  as  impacting  it,  or 

c)  do  nothing. 

The  choices  of  the  above  will  depend  on  the  nature  of  the  impact 
(positive  or  negative),  the  benefits  expected  from  each  project, 
costs,  state  of  each  project  relative  to  its  development  (a  project 
in  the  research  phase  is  easier  to  change  than  a standard  about  to 
be  published),  and  office  policy.  This  step  may  be  able  to  be 
accomplished  Informally,  or  it  may  require  further  research  and 
development  work  to  determine  the  optimum  approach. 

3)  Establishment  of  New  Assumptions  - Once  the  decision  of  what  to  do 
about  projects  having  cross-impacts  Is  made,  the  assumptions  used  in 
assessing  costs  and  benefits  for  the  project  under  consideration 
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(primary  project)  must  be  modified  to  reflect  a new  future  profile, 
including  the  projects  being  developed  elsewhere  having  impacts  on 
the  primary  project.  In  some  cases,  the  cross-impact  may  be  so  strong 
that  independent  costs  and  benefits  for  the  projects  (due  to  positive 
or  negative  synergy)  cannot  be  predicted,  and  a new,  combined  project 
must  be  evaluated  as  a package. 


6.0  UPDATING  THE  ANALYSIS 


It  is  important  to  remember  that  the  detailed  activity  profile  and  cross-impact 
analysis  must  be  regularly  updated  as  a project  proceeds  for  two  reasons: 

1)  The  project  content  may  change,  in  turn  affecting  the  nature  of  other 
projects  which  may  impact  it. 

2)  Other  projects  underway  within  the  office  also  may  change,  and  the 
analyst  should  not  count  on  voluntary  notification  of  changes  which 
may  impact  his  project  or  his  assumptions  about  the  future. 


TABLE  II-l.  POSSIBLE  CROSS- IMPACT  BLOCKS  FROM 
FIGURE  1 1 - 3 VS.  RESPONSIBLE  ORGANIZATIONAL  COMPONENT 


Column  1 

Block  Descriptor 

Column  2 

Primary  G-B  Component 

Directly  Funded  Education 

G-BAE-2 

State  Educational  Assistance 

G-BAE  and  G-BLC-1 

CG  Auxiliary  Educational 

Assistance 

G-BAE 

Other  Organization  Educational 
Assistance 

G-BAE-4 

Federal  Operator  Licensing 

G-BLC-3 

State  Assistance- 
Operator  Licensing 

G-BLC-1 

Federal  Safety  Equipment 

Carriage  Requirements 

G-BLC-3  and  G-BBT 

State  Assistance-Equipment 

Carriage  Requirements 

G-BLC-3 

Bar  Closing  Criteria 

G-BLC 

Voyage  Termination  Criteria 

G-BLC 

Negligent  Operation  Criteria 

G-BLC-3 

Federal  Law  Enforcement  Patrols 

G-BLC-3  j 

Federal  Law  Enforcement- 
Complaint  Investigation 

G-BLC-2  and  G-BBT- 3 

Accident  Investigation 

G-BLC-2 

State  Enforcement  Program 

Eval uation 

G-BLC-1 

State  Enforcement  Program 
Technical/Grant  Assistance 

G-BLC-1 
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TO: 


Distribution 


FROM:  Chief,  Boating  Standards  Division 

SUBJECT:  Cross-Impact  Analysis;  Canoe  Flotation  Project 

REFERENCE:  (a)  G-B  Inst  XXX,  Dated  YY  ZZ  xx 

1.  You  are  requested  to  complete  the  attached  cross-impact  evaluation  form 
for  the  Canoe  Flotation  Project  now  in  the  Requirements  and  Analysis  Phase 
of  our  R&D  Program.  In  accordance  with  reference  (a),  your  replies  are 

requested  by  . As  required  by  reference  (a),  contacts  and 

project  description  sheets  will  be  required  for  projects  with  medium  and 
high  cross-impact  ratings  in  any  category. 

2.  A synopsis  of  the  Canoe  Flotation  requirement  is  attached.  Any  questions 
concerning  this  evaluation  should  be  directed  to  Mr.  H.  Laahs  at  X61027. 

Enclosure:  Canoe  Flotation  Project  Synopsis 
Cross-Impact  Evaluation  Form 


FIGURE  1 1-4.  CROSS- IMPACT  INFORMATION  REQUEST 
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CANOE  FLOTATION  PROJECT  SYNPOSIS 


DESCRIPTION  OF  THE  PROBLEM 

Based  on  previous  research,  we  have  found  that  canoes  produced  in  accordance 
with  the  existing  ABYC  and  BIA  flotation  standards  have  marginal  stability  when 
flooded.  It  is  difficult,  if  not  impossible,  for  lone  survivors  to  reboard  the 
boat  and  bail  it  out,  and  it  is  similarly  difficult,  though  possible,  if  the 
survivors  are  athletic,  trained,  and  in  a good  frame  of  mind,  for  multiple 
survivors  to  reboard  and  bail  out  the  craft.  A typical  accident  scenario  is 

attached.  people  die  in  canoe  accidents  each  year,  of  which  are  in  water 

conditions  other  than  rapids.  Of  the  victims,  percent  are  not  wearing  life 

jackets  and  percent  are  relatively  new  to  canoeing  as  a sport. 

DESCRIPTION  OF  A PROPOSED  SOLUTION 

The  solution  under  consideration  would  involve  increasing  the  amount  of  flotation 
and  redistributing  it  such  that  the  canoes  have  level  flotation  and  can  relatively 
easily  be  reboarded  and  bailed  out.  As  reboarding  in  rapids  is  dangerous  and 
most  canoeists  either  attempt  to  get  away  from  the  boat  or  behind  it,  the  effect 
of  this  proposal  on  accidents  in  rapids  would  be  close  to  zero.  On  the  other 

hand,  we  estimate  that  lives  could  be  saved  in  water  conditions  other  than 

rapids.  The  cost  per  boat  would  be  around  . Compliance  would  most 

likely  be  achieved  by  placing  3"  x 6"  cross  section  strips  of  foam  around  the 
gunwales  on  either  the  inside  or  the  outside  of  the  canoe.  There  are  a few 
boats  currently  being  built  which  would  meet  these  requirements,  and  the  proposal 
is  technically  and  practically  feasible. 

TIMETABLE 

As  presently  planned,  the  Canoe  Flotation  Regulation  will  apply  to  model 

year  boats  and  beyond.  The  50%  population  in  compliance  level  is  expected  to 
be  reached  in  . 


FIGURE  II-5. 


11-21 


ALTERNATIVE  UNDER  CONSIDERATION  Canoe  Flotation SPONSOR  PROGRAM  G-BBT 
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FIGURE  1 1-6.  CROSS- IMPACT  EVALUATION  FORM 
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Ill  ACCIDENT  PROFILE  MODELING 


1.0  INTRODUCTION 

In  this  section  we  describe  a means  for  developing  data  bases.  As  this  project 
addresses  the  needs  of  recreational  boating  accident  analyses,  the  discussion  is 
presented  in  terms  of  such  data  requirements.  However,  it  applies  equally  well 
to  a broad  spectrum  of  data  needs. 

Our  discussion  in  this  section  will  concentrate  particularly  on  the  development 
of  data  bases  useful  in  spotting  areas  of  safety  concern,  determining  the  severity 
(e.g.,  lives  lost)  of  such  areas  and  evaluating  the  potential  safety  impact  of 
regulations  on  such  areas.  For  instance,  a particular  data  base  might  indicate 
that  about  85  lives  are  lost  annually  due  to  a problem  which  can  be  mitigated  by 
a particular  boat  standard.  Further  analysis  might  then  show  that  30%  of  these 
fatalities  might  have  been  prevented  if  the  standard  had  been  satisfied  by  all 
boats.  As  described  in  later  sections  this  "fatality  reduction  rate"  value  of 
30%  could  then  be  combined  with  data  on  fatalities  as  a function  of  boat  age 
and  forecasted  fatality  values  to  yield  a year-by-year  prediction  of  the  benefit 
of  the  standard  in  lives  saved. 

In  developing  a data  base,  analysts  must  choose  a suitable  structure  or  model 
form  and  should  follow  a reasonably  formal  procedure  in  shaping  this  structure 
to  their  data  analysis  needs.  By  following  a formal  development  procedure  the 
possibilities  of  misdirected  and/or  wasted  efforts  are  significantly  lessened. 

It  is  hoped  that  the  development  procedure  and  model  forms  presented  in  this 
section  will  aid  the  analyst  both  in  "getting  off  the  ground"  and  in  the  course 
of  his  data  base  development  work. 

We  define  an  accident  profile  model  to  be  an  outline  or  structure  used  In  analyzing 
and/or  presenting  accident  data.  When  accident  data  is  included  in  the  format  of 
an  accident  profile  model,  the  result  Is  called  an  accident  profile.  Thus,  an 
accident  profile  Is  the  result  of  using  a profile  model  to  structure  accident  data. 

Accident  profile  models  will  be  of  different  forms,  depending  upon  their  purpose. 
Examples  include  CG-357,  the  Accident  Recovery  Model  (Reference  III-l)*,  the  forms 
used  in  the  Canoe  Accident  Cause  Identification  Study  (Reference  1 1 1-2 ) , etc.  Sec- 
tion 3.0  contains  a discussion  of  a number  of  different  profile  model  forms. 

* The  Accident  Recovery  Model  is  fully  described  in  Section  IV  of  this  report. 
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2.0  ACCIDENT  PROFILE  DEVELOPMENT  PROCEDURE 


In  the  process  of  developing  an  accident  profile,  analysts  should  follow  a 
procedure  which  is  basically  the  same  regardless  of  which  model  form  has  been 
chosen  for  use.  This  procedure  is  illustrated  in  Figure  1 1 1 - 1 . The  flow 
i-  chart  presents  the  steps  analysts  normally  would  take  in  developing  a profile. 

The  following  paragraphs  describe  the  numbered  steps  in  the  figure. 

Step  1 --Formulate  Problem 

Before  an  accident  profile  can  be  developed,  the  problem(s)  it  is  to  address 
must  be  formulated.  That  is,  the  purpose  for  its  creation  must  be  defined. 

This  purpose  may  be  as  general  as  determining  the  factors  involved  in  the 
recovery  of  accident  victims  and  the  frequencies  of  occurrence  of  these 
factors,  or  as  specific  as  determining  the  effect  a particular  regulation 
has  had  on  fatality  rates.  The  nature  of  the  problem  will  in  large  part 
determine  the  model  form  selected  as  well  as  the  pertinent  variables  for 
which  data  will  need  to  be  acquired. 

Step  2-- Select  Model  Form 

Once  the  problem  has  been  formulated,  analysts  must  decide  upon  the  form  of  the 
model  to  be  used.  This  decision  is  determined  largely  by  the  goals  of  the  proj- 
ect. Section  3.0  contains  descriptions  of  some  suggested  model  forms  and  criteria 
for  their  selection. 

Step  3--  Determine  Pertinent  Variables 

In  order  to  provide  answers  to  the  formulated  problem,  the  activity  profile  must 
contain  data  on  certain  variables.  Perhaps  there  are  readily  accessible  sources 
for  this  data  (e.g. , it  is  available  in  the  accident  reports)  or  the  data  can  be 
easily  generated  from  other  available  sources.  Conversely,  the  data  may  not  be 
easy  to  obtain  if  it  is  attainable  at  all.  Whatever  the  case,  the  analysts  must 
determine  the  variables  for  which  data  must  be  obtained  or  derived. 
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FIGURE  III-l.  ACCIDENT  PROFILE  DEVELOPMENT  PROCEDURE 


Step  4— Examine  Accident  Reports  and  Other  Relevant  Data  Sources 


It  is  extremely  important  that  all  analysts  involved  in  the  project  realize  the 
limitations  of  the  data  available  to  them.  To  gain  this  knowledge  they  must  read 
a number  of  each  of  the  types  of  accident  reports:  Boating  Accident  Reports  (BARs), 
Marine  Inspection  Officer  (MIO)  reports,  and  in-depth  reports,  including  miscel- 
laneous items  such  as  newspaper  clippings  and  death  certificates.  The  analysts 
should  also  be  familiar  with  the  scope  and  limitations  of  relevant  data  bases 
including  the  Coast  Guard  accident  data  base,  the  Nationwide  BoaMng  Survey  data 
bases  (Reference  I I 1-3) , and  other  data  sources.  They  must  remember  that  the  data 
they  will  be  working  with  is  not  like  hard  engineering  data  - it  is  not  absolute 
and,  because  it  is  normally  derived  from  reports  by  untrained  individuals  and  it 
involves  stressful,  uncontrolled,  situations,  it  is  bound  to  contain  a certain  amount 
of  errors,  biases  and  incomplete  or  missing  information,  termed  "unknowns." 

During  their  review  of  all  of  these  data  sources,  the  analysts  should  keep  in 
mind  the  model  requirements,  that  is,  the  variables  for  which  data  must  be  obtained 
and  the  problem(s)  the  completed  accident  profile  is  to  address.  Failure  to  gain 
knowledge  of  the  strengths  and  limitations  of  the  data  sources  at  an  early  stage 
in  the  model  development  process  can  result  in  a great  deal  of  wasted  effort. 

Step  5— Can  Data  Requirements  for  Variables  Selected  be  Satisfied? 

Having  reviewed  the  scope  and  limitations  of  the  available  data  sources  the 
analysts  are  in  a position  to  determine  whether  or  not  available  data  exists 
to  enable  the  development  of  the  profile  model  into  an  accident  profile  which 
will  satisfy  the  problem  requirements.  If  such  data  does  exist,  the  analysts 
may  proceed  to  Step  8 of  the  process.  If  not,  they  must  determine  if  the  data 
requirements  can  be  modified. 

Step  6- -Can  the  Data  Requirements  be  Modified? 

If  there  Is  Insufficient  data  for  the  model  variables,  the  analysts  must  deter- 
mine If  their  data  requirements  can  be  modified.  Perhaps  other  variables  can  be 
selected  for  which  data  exists  and  which  can  be  used  to  meet  the  problem  require- 
ments. The  Ingenuity  of  the  analysts  In  analyzing  and  combining  data  often  will 
determine  whether  a revised  choice  of  variables  will  be  sufficient  or  whether 
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more  extreme  measures  are  necessary.  If  It  appears  that  a revised  choice  of 
variables  Is  sufficient,  the  analysts  should  make  the  changes  they  believe  are 
required  and  retrace  their  steps  starting  with  Step  3.  If  it  appears  that  a 
revised  choice  of  variables  will  be  inadequate,  then  it  will  be  necessary  to 
choose  a different  model  form,  more  suited  to  the  available  data  and/or  to 
develop  new  data  sources. 

Step  7 — Choose  New  Model  Form  or  Develop  New  Data  Sources 

In  the  event  that  pertinent  variables  cannot  be  defined  for  which  data  is  avail- 
able, the  analysts  have  two  cnoices.  They  can  try  to  develop  new  data  sources  j 

through  surveys,  analysis  of  pertinent  state  records,  insurance  company  records, 
etc.  In  effect,  they  will  be  retracing  steps  4,  5,  and  possibly  6 but  at  a 
higher  level  of  effort.  As  an  alternative  they  should  consider  choosing  a 
different  model  form  or  developing  a new  one  which  will  address  their  problem 
but  which  has  more  easily  satisfied  data  requirements. 

If  the  analysts  are  fortunate,  another  known  model  form  will  satisfy  their  needs. 

If  not,  they  must  try  to  develop  a new  model  form.  It  is  at  this  stage  of  the 
profile  model  development  that  analysts'  ingenuities  are  most  highly  taxed.  By 
now  they  have  found  that  the  data  they  believed  to  be  required  is  nonexistent 
or  is  inadequate,  and  the  data  which  is  available  is  rather  fuzzy.  It  may 
appear  impossible  to  develop  a model  which  will  be  adequate.  Almost  certainly 
the  effort  to  develop  such  a model  will  require  additional  resources.  Coast 
Guard  management  may  have  to  be  consulted  to  determine  if  the  project  goals 
justify  the  additional  effort.  Should  an  effort  to  develop  a new  model  form  be 
successful,  the  analysts  will  have  returned  to  Step  2 of  the  profile  development 
procedure. 

Step  8 — Use  Model  Form  to  Develop  Specific  Profile  Model 

Once  the  analysts  have  reached  this  step,  they  are  ready  to  develop  the  specifics 
of  the  profile  model.  That  is,  they  are  ready  to  use  the  model  form  they  selected 
to  develop  a specific  profile  model  containing  the  pertinent  variables  they 
selected.  The  development  of  this  profile  model  should  be  guided  by  the  follow- 
ing criteria: 
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1)  It  must  address  the  problem  goals. 

2)  It  should  yield  replicable  results.  That  is,  an  accident  reviewed  by 
two  independent  analysts  should  result  in  identical  (or  nearly  identi- 
cal) analyses.  In  order  to  achieve  this  criteria,  carefully  framed 
definitions  for  each  of  the  variables  must  be  recorded  before  the 
formal  processing  of  accident  reports  begins. 

3)  It  should,  insofar  as  possible,  reflect  reality. 

4)  It  should  be  designed  so  that  the  data  in  the  final  accident  profile 
can  be  sorted  on  and  cross- tabulated  in  as  many  ways  as  possible.  For 
example,  in  a model  describing  accident  recovery,  it  would  be  undesir- 
able to  only  include  information  on  the  swimming  ability  of  persons  in 
the  water,  as  such  ability  is  related  to  a person's  decision  as  to 
whether  he  should  stay  with  his  boat. 

Step  9 will  help  assure  that  these  criteria  are  met. 

Step  9 — Process  Preliminary  Sample  of  Accident  Reports  Through  Profile  Model 

Once  a specific  profile  model  has  been  developed,  it  should  be  tested  before  a 
large  sample  of  accident  reports  are  processed  through  it.  A moderately  sized, 
unbiased  sample  of  reports  (and  any  other  pertinent  data)  should  be  selected  and 
analyzed.  At  least  two  analysts  should  independently  analyze  each  report.  If 
other  analysts  will  be  involved  in  the  analysis  of  the  full  accident  sample 
(Step  16),  at  least  one  of  them  should  also  be  involved  in  analyzing  the  pre- 
liminary sample. 

As  this  step  proceeds,  there  will  be  a continuous  process  of  modification  of  the 
profile  model  details. 

Step  10—  In-process  Modification  of  Profile  Model  Details 

As  the  analysts  proceed  with  processing  the  preliminary  sample  through  the 
profile  model,  they  will  encounter  a number  of  problems.  Variables  (factors) 
may  be  found  to  have  been  left  out,  some  definitions  may  need  to  be  made  more 
precise,  analysts  may  disagree  In  their  analyses  and  accidents  may  be  found 
which  either  appear  to  be  outside  the  analytical  scope  of  the  profile  model 
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1}  It  must  address  the  problem  goals. 

2)  It  should  yield  replicable  results.  That  is,  an  accident  reviewed  by 
two  independent  analysts  should  result  in  identical  (or  nearly  identi- 
cal) analyses.  In  order  to  achieve  this  criteria,  carefully  framed 
definitions  for  each  of  the  variables  must  be  recorded  before  the 
formal  processing  of  accident  reports  begins. 

3)  It  should,  insofar  as  possible,  reflect  reality. 

4)  It  should  be  designed  so  that  the  data  in  the  final  accident  profile 
can  be  sorted  on  and  cross- tabulated  in  as  many  ways  as  possible.  For 
example,  in  a model  describing  accident  recovery,  it  would  be  undesir- 
able to  only  include  information  on  the  swimming  ability  of  persons  in 
the  water,  as  such  ability  is  related  to  a person's  decision  as  to 
whether  he  should  stay  with  his  boat. 

Step  9 will  help  assure  that  these  criteria  are  met. 

Step  9 — Process  Preliminary  Sample  of  Accident  Reports  Through  Profile  Model 

Once  a specific  profile  model  has  been  developed,  it  should  be  tested  before  a 
large  sample  of  accident  reports  are  processed  through  it.  A moderately  sized, 
unbiased  sample  of  reports  (and  any  other  pertinent  data)  should  be  selected  and 
analyzed.  At  least  two  analysts  should  independently  analyze  each  report.  If 
other  analysts  will  be  involved  in  the  analysis  of  the  full  accident  sample 
(Step  16),  at  least  one  of  them  should  also  be  involved  in  analyzing  the  pre- 
liminary sample. 

As  this  step  proceeds,  there  will  be  a continuous  process  of  modification  of  the 
profile  model  details. 

Step  10—  In-process  Modification  of  Profile  Model  Details 

As  the  analysts  proceed  with  processing  the  preliminary  sample  through  the 
profile  model,  they  will  encounter  a number  of  problems.  Variables  (factors) 
may  be  found  to  have  been  left  out,  some  definitions  may  need  to  be  made  more 
precise,  analysts  may  disagree  In  their  analyses  and  accidents  may  be  found 
which  either  appear  to  be  outside  the  analytical  scope  of  the  profile  model 


(they  can't  be  profiled)  or  which  can  be  profiled,  but  the  profile  does  not  seem 
to  adequately  describe  the  actual  circumstances  of  the  accident. 


If  these  problems  occur  in  only  a very  few  instances,  the  profile  model  may 
still  be  adequate,  as  it  is  unreasonable  to  expect  that  every  accident  can  be 
perfectly  modeled.  However,  if  the  problems  occur  more  frequently,  it  will  be 
necessary  to  modify  the  profile  model  to  eliminate  them  and  to  satisfy  the 
criteria  expressed  in  Step  8.  Discussion  with  an  individual  not  directly  involved 
with  the  project  can  be  valuable  in  this  circumstance. 

( 

Step  11  — Preliminary  Accident  Profile 

The  work  performed  in  Steps  9 and  10  will  result  in  the  production  of  a prelim- 
inary accident  profile,  that  is  an  accident  profile  derived  from  the  profile 
model  and  the  preliminary  accident  sample.  This  profile  model  will  probably  not 
have  sufficient  statistical  validity  to  yield  accurate  quantitative  results,  but 
it  can  be  used  to  make  qualitative  decisions  about  the  profile  model,  including 
decisions  as  to  its  adequacy. 

Step  12  — Does  the  Preliminary  Accident  Profile  Adequately  Describe  Accident  Type(s) 

An  examination  of  the  preliminary  accident  profile  should  indicate  that  in  a 
qualitative  sense  it  adequately  describes  (those  portions  of)  the  accident 
type(s)  it  was  designed  to  model.  If  it  doesn't,  either  the  sample  of  accident 
reports  (and  other  data)  used  to  generate  it  was  biased  or  the  profile  model 
contains  some  deficiencies.  If  the  accident  sample  was  biased,  a new  preliminary 
sample  will  have  to  be  drawn  and  processed  through  the  model.  If  the  profile 
model  contains  some  deficiences,  it  must  first  be  modified  (Step  15)  and  then  a 
preliminary  accident  sample  should  again  be  processed  through  it.  If  the  accident 
profile  does  adequately  describe  the  accident  types,  the  analysts  proceed  to 
Step  13. 

Step  13—  Does  the  Preliminary  Accident  Profile  Adequately  Address  Problem 
Requirements? 

Before  processing  a full  sample  of  accident  reports  through  the  profile  model,  a 
final  check  on  the  sufficiency  of  the  model  should  be  made.  The  analysts  should 

1 1 1- 7 


reexamine  the  original  problem  requirements  to  determine  if  they  have  changed. 
Then,  whether  or  not  the  goals  have  changed,  the  analysts  should  actually  try  to 
use  the  profile  model  to  answer  the  problem  in  its  current  form.  Although  the 
quantitative  results  derived  will  probably  be  unreliable  (because  the  preli- 
minary accident  sample  was  too  small)  the  analysts  should  be  able  to  tell  if  the 
profile  model  is  sufficient  to  meet  the  problem  requirements.  If  they  are 
satisfied  that  it  is,  they  proceed  with  Step  16.  If  not,  they  reexamine  the 
profile  model  (Step  14). 

Step  14—  Is  Deficiency  in  Model  Form  or  Model  Specifics? 

If  the  analysts  find  that  the  preliminary  accident  profile  does  not  adequately 
meet  the  current  problem  requirements,  the  deficiency  may  be  of  two  sorts.  The 
model  form  may  be  inappropriate,  either  because  the  problem  requirements  have 
changed  or  weren't  fully  assessed  to  begin  with,  or  because  the  analysts  did  not 
adequately  address  some  of  the  previous  steps  in  the  profile  development  proce- 
dure. If  the  model  form  is  inadequate,  the  analysts  must  return  to  Step  2 and 
repeat  the  development  procedure.  It  is  more  likely,  however,  that  any  deficiency 
lies  in  the  profile  model  details.  Perhaps  a single  additional  variable  needs 
to  be  added.  Whatever  details  require  attention,  the  model  should  be  modified 
(Step  15)  and  should  be  tested  again  by  processing  a preliminary  sample  of 
accidents  through  it. 

Step  15  — Modify  Profile  Model 

This  step  will  only  occur  if,  as  a result  of  processing  a preliminary  sample  of 
accidents  through  the  profile  model,  a deficiency  is  found  in  the  specific  pro- 
file model  but  not  in  the  form  of  the  model  used. 

Step  16  — Process  Full  Sample  of  Accident  Reports  Through  Profile  Model 

In  this  step  a reasonably  large  sample  of  accident  reports  (and  possibly  other 
data)  are  processed  through  the  (final)  specific  profile  model.  Although  a 
random  sample  may  be  satisfactory,  the  analysts  may  desire  to  ensure  a certain 
degree  of  representativeness  In  the  sample  by  requiring  that  minimum  numbers  of 
accidents  (or  fatalities)  b^  analyzed  in  specified  categories.  For  example,  the 
number  of  boats  of  each  length  class  involved  in  each  accident  type  in  1975 
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could  be  obtained  from  CG-357.  The  analysts  could  then  require  that  at  least 
10%  of  the  boats  in  each  (boat  length  class  x accident  type)  category  be  included 
in  the  sample. 

Set  management  procedures  should  be  used  for  the  handling  and  processing  (analyz- 
ing) of  the  sample  accident  data.  Some  suggested  procedures  are  offered  in 
Appendix  III-A. 

After  the  accidents  have  been  processed  through  the  profile  model,  it  may  be 
necessary  to  weight  the  analyzed  data  to  reflect  the  accident  population  statis- 
tics. For  instance,  it  may  be  desirable  for  the  accident  profile  to  reflect  the 
same  number  of  fatalities  and  recoveries  as  does  CG-357  in  each  (boat  length 
class  x accident  type)  category.  In  order  to  achieve  this,  the  numbers  of  fatal- 
ities and  recoveries  in  each  category  in  CG-357  and  in  the  sample  must  be 
determined,  and  weights  based  on  these  numbers  must  be  derived.  Appendix  III-B 
contains  the  description  of  a weighting  procedure  such  as  was  used  in  ARM. 

Step  17--  Accident  Profile 

At  the  completion  of  Step  16,  including  any  necessary  weighting,  the  final 
accident  profile  is  obtained. 


Block  18 -- Candidate  Model  Forms 

As  discussed  in  the  introduction  to  Section  III,  there  are  different  forms  of 
accident  profile  models.  Some  of  these  model  forms  and  criteria  for  their 
selection  are  presented  in  the  following  pages. 
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3.0  MODEL  FORMS  AND  CRITERIA 
3. 1 Introduction 


In  this  section  accident  profile  model  forms  and  criteria  for  their  modeling  are 
presented.  The  areas  in  which  accident  profile  modeling  is  applicable  include: 

• Accident  Cause  Analysis 

• Recovery  Analysis 

• Predicting  Regulatory  Safety  Effects 

• Assessing  (tracking)  Regulatory  Safety  Effects. 

The  word  "cause"  as  used  here  and  elsewhere  in  this  report  means  "factor  related 
to11  and  does  not  mean  sole  cause  of  an  accident. 

The  above  categorization  does  not,  however,  seem  to  be  appropriate  as  a selec- 
tion criteria  for  a model  form.  Instead,  the  following  categorization  appears 
more  appropriate: 

I.  Analyses  to  determine  the  frequency  of  occurrence  of  a specific  acci- 
dent or  recovery  cause  or  to  evaluate  effectiveness  (past,  current, 
or  future)  of  a specific  regulation. 

II.  Analyses  performed  on  a general  class  of  accidents  or  on  victim 

recoveries  to  determine  the  frequencies  of  occurrence  of  all  causes 
or  to  evaluate  any  regulation  affecting  the  class. 

Model  forms  designed  for  analyses  of  the  first  type  are  used  to  develop  profile 
models  which  are  directed  toward  specific  factors  involved  in  accidents  or 
victim  recovery.  These  model  forms  are  appropriate  when  analysts  know  what  they 
are  looking  for.  That  is,  they  have  a specific  cause  or  regulation  in  mind. 

Model  forms  for  analyses  of  the  second  type  are  used  to  develop  profile  models 
which  are  designed  to  include  all  relevant  factors  in  accidents  or  victim 
recovery.  These  model  forms  are  appropriate  when  analysts  are  not  looking  for 
something  specific  but  rather  desire  to  examine  a broad  range  of  possibilities. 
That  is,  they  are  interested  In  what  happened  in  an  accident  rather  than  in 
whether  a prespecified  cause  was  present. 


In  order  to  easily  distinguish  between  these  analysis  types  we  shall  refer  to 
the  former  as  Specific  and  the  latter  as  General.  In  the  following  two  sub- 
sections model  forms  appropriate  to  each  will  be  described. 

3.2  Model  Forms  for  Specific  Analyses 


The  model  forms  in  this  subsection  are  designed  for  use  when  accidents  are  to  be 
profiled  for  specific  criteria. 

The  Casualty  Analysis  Gauge 

The  Casualty  Analysis  Gauge,  used  by  Operations  Research,  Inc.  (Reference  III-4), 
is  an  example  of  a model  form  suitable  for  analyses  of  the  first  type.  It  consists 
of  a series  of  questions  which  are  to  be  answered  for  each  accident  report.  A 
gauge  criterion  is  first  specified  (corresponds  to  Step  1,  Figure  1 1 1 -1 ) . This 
criterion  may  be  that  a specific  cause  is  responsible  for  an  analyzed  accident, 
that  a specific  factor  was  present,  or  that  a specific  regulation  should  have  pre- 
vented the  accident.  The  questions  are  structured  in  such  a manner  that  there  is 
only  one  set  of  "satisfactory"  answers.  If  in  analyzing  an  accident  any  question 
is  answered  "unsatisfactorily"  the  gauge  criterion  is  not  met  and  therefore  the 
accident  is  judged  as  not  having  had  the  specified  cause  or  that  the  specified 
regulation  should  not  have  affected  the  accident  occurrence. 

The  Casualty  Analysis  Gauge  is  actually  equivalent  to  an  event  or  relevance 
tree  in  which  only  a single  path  is  "satisfactory."  If  an  accident  follows 
that  path  to  its  terminal  node  it  satisfies  the  gauge  criterion.  If  it  leaves 
the  path  at  any  node,  it  does  not  satisfy  the  gauge  criterion. 

The  Relative  Occurrence  Model 


The  Casualty  Analysis  Gauge  can  be  generalized  to  allow  for  more  than  one  gauge 
criterion.  Corresponding  to  each  criterion  is  a specified  set  of  "satisfactory" 
answers  to  the  gauge  questions.  An  accident  meets  a particular  criterion  If  the 
answers  to  the  gauge  questions  for  it  match  the  answer  set  corresponding  to  that 


criterion.  This  model  form  can  be  used  to  measure  the  relative  frequencies  of 
occurrence  of  the  specified  criteria,  and  thus  may  be  called  a Relative  Occur- 
rence Model . 

Just  as  the  Casualty  Analysis  Gauge  is  equivalent  to  an  event  or  relevance  tree 
with  a single  "satisfactory"  path,  the  Relative  Occurrence  Gauge  is  equivalent 
to  an  event  or  relevance  tree  which  contains  a number  of  "satisfactory"  paths. 

In  fact,  a tree  form  of  the  model  may  be  more  satisfactory  for  purposes  of 
accident  coding.  An  example  of  such  a tree  is  given  in  Figure  III-2.  This 
tree  was  used  to  determine  whether  the  powering  of  a boat  could  have  been  a 
cause  of  the  boat  being  in  an  accident.  As  powering  could  be  related  to  accident 
causation  in  a number  of  ways,  there  were  several  "satisfactory"  sets  of  answers, 
or  equivalently,  several  "satisfactory"  paths  (ending  in  "accept"  nodes).  Further 
details  may  be  found  in  Reference  I I I -5 . A similar  approach  is  taken  in  Reference 
1 1 1-6. 

The  Rating  Model 

In  analyzing  recreational  boating  accidents  it  is  often  impossible  to  determine 
a single,  outstanding  accident  cause.  Normally,  there  are  many  causes  ( factors ) 
present  which  may  contribute  in  various  degrees  to  the  accident  occurrence.  If 
one  desires  to  estimate  the  relative  likelihood  of  occurrence  or  relative  effect 
(importance)  of  causes  from  a specific,  limited,  pre-selected  set  of  k causes  or 
factors,  a model  form,  which  we  shall  call  a Rating  Model,  may  be  helpful.  In 
models  having  this  form  each  accident  is  analyzed  to  determine  a rating  for  each 
cause  or  factor  in  the  pre-selected  set,  according  to  a defining  criterion. 

This  criterion  may  be  any  of  the  following: 

• The  cause  was  present. 

• The  cause  contributed  significantly  to  the  accident  occurrence. 

• The  cause  was  the  major  contributing  factor  to  the  accident  occurrence. 

• The  cause  was  the  j'th  most  important  in  contributing  to  the  accident 
occurrence  (j  * 1,  2,  ...»  k). 

Note  that  for  the  first  three  criteria,  a rating  would  Indicate  the  likelihood 
of  the  criterion  being  satisfied. 
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FIGURE  I I 1-2.  FINAL  POWERING  RELATED  ACCIDENT  DECISION  TREE 


This  model  form  may  also  be  used  to  estimate  the  safety  impact  of  a specific, 
limited,  preselected  set  of  possible  regulations.  In  this  case,  the  accidents 
are  analyzed  to  estimate  the  likelihood  that  each  regulation  would  have  prevented 
the  accident,  reduced  its  severity,  or  increased  victim  survival  chances. 

The  rating  scale  used  may  be  a simple  two-valued,  yes  versus  no,  likely  versus 
unlikely,  present  versus  absent,  etc.  scale,  or  it  may  be  more  complex  with 
multiple  values.  A maximum  of  k = 7 values  is  suggested,  this  value  being  based 
on  results  of  psychological  experiments  which  indicate  that  the  accuracy  of  human 
subjects  in  making  judgments  deterioirates  markedly  if  over  seven  alternatives 
are  used  (Reference  1 1 1-7). 

The  ratings  of  the  causes  (or  regulations)  may  or  may  not  be  independent.  That 
is,  a rating  or  likelihood  value  may  be  given  to  each  cause,  irrespective  of  the 
values  assigned  to  the  others,  or  they  may  be  ranked,  the  most  likely  being 
assigned  a rank  of  "one,"  the  least  likely  a rank  of  "k,"  etc.  In  this  case 
each  rank  is  used  exactly  once  in  each  accident. 

This  model  form  can  probably  be  best  presented  as  a sequence  of  carefully  con- 
structed statements  which  are  evaluated  for  each  accident  in  the  sample. 

Although  this  model  form  appears  versatile,  it  has  the  drawback  of  allowing  for 
more  subjectivity  than  other  model  forms.  For  this  reason  it  is  mandatory  to 
have  at  least  two  analysts  independently  process  each  sample  accident  through 
any  profile  model  based  on  this  form.  (Initially,  the  analysts  may  compare 
results  for  a preliminary  sample  of  accidents  to  ensure  that  they  are  properly 
using  the  model  definitions,  but  thereafter  they  must  work  independently.) 

After  the  processing  of  accidents  is  completed,  the  ratings  each  analyst  gave  for 
each  cause  should  be  compared  to  determine  the  reliability  of  the  rating  system. 

If  the  ratings  are  unreliable,  that  Is,  if  ratings  by  separate  analysts  differ 
greatly,  then  the  results  cannot  be  trusted.  There  will  be  some  rating  variation 
between  analysts  even  in  those  results  which  are  considered  reliable.  To  obtain 
overall  rating  values,  it  is  suggested  that  for  each  cause  the  median  value  of  the 
analysts'  ratings  be  used. 


Care  must  be  exercised  in  interpreting  the  rating  results.  The  interpretation 
obviously  will  depend  on  the  original  rating  criteria.  Further,  it  should  be 
recognized  that  if,  say,  a cause  is  given  a rating  of  "two,"  it  does  not  neces- 
sarily follow  that  this  cause  is  twice  as  likely  or  twice  as  unlikely  as  a cause 
rated  as  "four."  In  fact,  unusual  numerical  ratings  have  sometimes  been  used 
for  special  purposes.  For  instance,  in  Reference  I I 1-8 , an  exponential  rating 
scheme  is  suggested.  If  ratings  A,  B,  C and  0 are  used,  this  report  suggests 
assigning  a value  of  one  to  a D rating,  two  to  a C rating,  four  to  a B rating 
and  eight  to  an  A rating.  If  values  from  several  rating  questions  are  to  be 
combined  (summed)  this  rating  scheme  tends  to  "spread  out"  the  final  values. 
Although  this  method  may  make  it  easier  to  distinguish  between  alternatives,  we 
have  doubts  as  to  its  intrinsic  validity. 

An  example  of  the  use  of  a Rating  Model  may  be  found  in  Reference  III-9.  In  this 
study,  accident  coders  made  a subjective  determination  as  to  whether  level  flota- 
tion could  have  prevented  each  analyzed  fatality.  A scale  of  high,  moderate, 
little  or  no  probability  was  used.  This  scale  was  then  converted  to  numerical 
values  using  the  exponential  rating  scheme  described  above. 

3.3  Model  Forms  for  General  Analyses 

We  now  turn  to  model  forms  useful  in  examining  a large  number  of  causes  and 
other  factors  involved  in  accidents  or  recovery.  The  major  criteria  these  forms 
should  satisfy  are: 

1.  Data  should  be  presented  in  as  flexible  a form  as  possible  to  assure 
maximum  utility  in  varied  analyses. 

2.  A profile  model  based  on  one  of  these  forms  should  help  guide  analysts 
through  It  In  processing  accidents  to  ensure  reliable  results. 

The  first  criterion  requires  that  the  model  form  have  a format  which  does  not 
exclude  useful  Information,  even  if  the  information  may  not  seem  pertinent  at 
the  moment.  Thus,  a model  form  consisting  of  a single  event  or  relevance  tree 
will  usually  be  inappropriate,  unless  the  tree  Includes  many  redundancies  in  the 
form  of  identical  nodes  scattered  among  the  branches.  This  limitation  on  the 
use  of  trees  does  not,  however,  mean  that  trees  are  not  useful.  Indeed,  if 
properly  used,  trees  are  one  of  the  most  important  parts  of  model  forms  for 
general  analyses. 
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The  first  criterion  also  requires  that  analysts  be  very  parsimonious  in  the  use 
of  the  coding  "not  applicable."  Data  which  may  appear  to  be  unneeded  or  not 
applicable  at  the  moment  may  be  highly  important  in  later  work.  It  is  better  to 
code  all  data,  using  "unknown"  if  necessary,  so  that  in  future  work  an  analyst 
can  decide  for  himself  if  any  data  is  not  applicable.  There  are,  of  course, 
some  instances  in  which  data  "questions"  truly  are  not  applicable.  For  instance, 
in  the  case  of  a docked  boat  with  no  one  aboard,  questions  as  to  the  sobriety  of 
the  operator  are  not  applicable.  However,  in  this  case  "not  applicable"  has  a 
specific  meaning,  namely  that  there  was  no  operator  aboard.  "Not  applicable" 
should  only  be  used  in  instances  such  as  these. 

Model  forms  for  general  analyses  will  often  contain  more  than  one  format  for  data 
analysis  and  presentation.  Therefore,  rather  than  describe  separate  forms,  as 
was  done  in  Section  3.1,  we  shall  describe  the  kind;  ;f  formats  that  may  be  used 
singly,  or  in  combination  in  the  model  forms. 

To  help  in  assigning  a primary  cause  to  each  accident  (or  to  each  boat  in  a two- 
boat  accident)  a Cause  Assessment  Tree  is  useful.  In  this  type  of  tree,  nodes 
representing  events,  conditions  or  causes  are  ordered  so  as  to  help  direct  the 
analyst  in  selecting  the  appropriate  accident  cause  when  processing  an  accident 
through  the  model.  The  ordering  of  nodes  must  take  Into  account  the  likelihood 
of  data  being  Included  in  accident  reports.  Nodes  representing  information 
unlikely  to  be  in  reports  must  not  occur  early  in  the  tree  ( 1 . e. , near  the  tree 
origin)  for  this  would  result  In  halting  the  processing  of  many  accidents  before 
relevant  cause  information  were  obtained.  The  use  of  a tree  should  always  be 
considered  when  an  analyst  will  be  required  to  make  multiple  decisions  or  complex 
evaluations  of  accidents. 

Figure  1 1 1-3  illustrates  the  Collision  Cause  Coding  Tree  used  in  Phase  II  of  the 
Recreational  Boating  Safety  Collision  Research  Project  (Reference  III-10).  This 
tree  was  developed  using  (a  compromise  between)  the  twin  guidelines  of:  1)  direc- 
ting the  analyst  in  selecting  an  appropriate  cause,  and  2)  placing  nodes  represent- 
ing more  specific  information,  which  is  less  likely  to  be  explicitly  included  in 
reports,  low  in  the  tree,  that  Is  at  or  near  terminal  points.  As  the  figure  also 
illustrates,  computer  codes  for  each  cause  can  be  included  In  a tree  and  the  tree 
can  be  used  to  display  some  summary  data. 


FIGURE  II 1-3.  COLLISION  CAUSE  CODING  TREE  (CAUSES  IN  ALL  COLLISIONS) 


If  a number  of  kinds  of  information  are  required  in  the  model,  two  other  aids 
may  be  used.  One  of  these  is  a questionnaire  which  may  be  used  to  record  or 
present  data.  This  can  be  used  where  the  data  required  can  be  more  or  less 
directly  obtained  without  the  necessity  of  multiple  decisions  having  to  be  made 
by  the  accident  analyst.  Figure  1 1 1-4  presents  the  quesionnaire  which  supple- 
mented the  cause  coding  tree  in  the  Collision  Research  Project. 

The  second  aid  is  a system  of  independently  coded  relevance  trees  which  we  shall 
call  a Component  Tree  Model.  Each  tree  covers  a particular  aspect  of  a boating 
accident  or  a victim  recovery.  The  trees  are  developed  so  that  within  a tree 
the  branches  are  mutually  exclusive  and  accident  aspects  which  are  not  mutually 
exclusive  are  covered  in  different  trees.  Thus  a boat's  final  configuration 
(upright,  capsized,  etc.)  may  be  covered  by  one  tree  while  a victim's  behavior 
(swam  to  shore,  stayed  with  boat,  etc.)  would  be  covered  by  another  tree.  A 
large  part  of  the  Accident  Recovery  Model*  consists  of  a Component  Tree  Model. 

A schematic  representation  of  the  ARM  Component  Tree  Model  is  presented  in 
Figure  1 1 1-5,  an  example  tree  is  presented  in  Figure  1 1 1-6,  and  the  computer 
coding  sheet  used  is  presented  in  Figure  I I 1-7. 

Referring  to  Figure  III-5,  each  accident  report  is  processed  (traced)  through 
every  tree  in  the  model.  The  resulting  data  output  is  then  coded  for  computer 
entry.  As  Figure  1 1 1-6  illustrates,  the  trees  can  include  the  computer  code 
used  for  each  variable.  Note  that  the  data  base  of  the  profile  model  must  contain 
separate  (line)  codings  for  each  boat,  accident,  or  victim.  For  instance,  in 
Figure  1 1 1-7  each  line  would  contain  data  on  a single  accident  victim. 

The  Component  Tree  Model  is  a desirable  and  effective  alternative  to  a single 
decision  tree  which,  in  order  to  achieve  completeness,  contains  multiple,  identi- 
cal nodes.  Each  component  tree  may  also  be  thought  of  as  a generalized  variable, 
in  which  each  node  of  the  tree  corresponds  to  a variable  value.  As  several  nodes 
may  be  used  in  coding  a single  accident,  the  variable  may  take  on  multiple  values 
for  a single  accident. 


* The  Accident  Recovery  Model  is  fully  described  in  Section  IV  of  this  report. 
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1 . How  long  had  this  operator  been  on  water?  Hr* 

2.  This  operator  was;  Sober 

_ 

3.  Had  been  drinki  nq 

4.  Was  legally  drunk 

5.  This  operator  subjected  to  high  amount  of:  Shock/Vibration 

6.  Noise 

7.  Glare 

8.  Human  engineering  problem  with  control  station  or  controls 

9.  Just  prior  to  the  collision,  this  operator:  Was  in  proper  position 

— 

10.  Was  lookinq  away 

1 1 . Was  at  the  helm 

b 

12.  Made  a navigational  error 

13.  Was  operating  in  a 

reckless  or  malicious  manner 

14.  Signalled  other  vessel 

15.  If  this  collision  occurred  at  niqht,  were  the  lights  legal  on  this  boat? 

J 

16.  Was  this  boat  priviledged? 

17.  Before  the  collision,  this  boat  was:  Proceeding  too  fast  for  conditions 

18.  Out  of  control 

19.  In  hazardous  waters 

_____ 

_ 

_ 

FIGURE  I I 1-4.  HUMAN  FACTORS  QUESTIONNAIRE 
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nown 


COMPONENT  TREE  MODEL 


FIGURE  1 1 1-6.  ARM  DECISION  TREE  FOR  FINAL  CONFIGURATION  OF  BOAT  (VARIABLE  24) 


A model  form  which  is  sometimes  suggested  is  a Matrix  Model.  In  this  model  form, 
each  dimension  of  the  model  corresponds  to  a separate  variable  and  each  cell  cor- 
responds to  a particular  combination  of  values  of  all  of  the  variables.  The  matrix 
form  should  never  be  used  in  analyzing  accidents.  As  each  dimension  of  the  matrix 
corresponds  to  a separate  variable,  these  variables  may  be  coded  separately,  say 
by  means  of  a questionnaire  or  a component  tree. 

3.4  Supplementary  Techniques 

In  this  subsection  three  techniques  are  described  which,  under  certain  conditions, 
can  increase  the  usefulness  of  some  accident  profile  models.  First,  however,  a 
brief  discussion  of  the  applicability  of  fault  trees  is  presented. 

A fault  tree  is  a decision  tree  which  demonstrates  a logical  relationship  between 
events  or  conditions  leading  to  a system  failure  or  accident.  E^ch  event  or  con- 
dition is  represented  by  a node  which,  through  the  use  of  branches  connected  by 
"and"  and  "or"  gates,  is  logically  related  to  events  or  conditions  above  and/or 
below  it.  Thus,  for  instance,  as  an  explosion  will  occur  if  and  only  if  both 
fumes  and  a spark  or  flame  are  present,  a fault  tree  for  an  explosion  might  con- 
tain nodes  for  "fumes"  and  for  "spark  or  flame"  connected  by  an  "and"  gate  to  the 
node  "explosion." 

All  conditions  in  a fault  tree  are  related  through  boolean  algebra  relationships. 

In  order  to  assign  a probability  of  occurrence  to  the  system  failure  or  accident, 
it  is  necessary  to  have  data  on  the  probabilities  of  occurrence  of  the  component 
failures  which  culminate  in  the  system  failure.  Except  in  some  instances  involv- 
ing hardware  failure,  such  data  cannot  usually  be  obtained  for  the  "failures"  which 
culminate  in  a recreational  boating  accident.  In  almost  all  cases,  boating  accidents 
are  the  result  of  complex  human-boat-environment  interactions.  Because  a boating 
accident  occurs  in  a totally,  scientifically  uncontrolled  situation  and  is  strongly 
dependent  on  human  factors  it  is  almost  always  impossible  to  obtain  complete  data 
on  the  interactions  and  component  "failures"  which  resulted  in  the  accident.  As 
a result,  there  is  insufficient  data  to  perform  a fault  tree  analysis.  Thus  we 
see  that  except  in  very  special,  limited  circumstances,  such  as  hardware  failures, 
the  fault  tree  is  not  an  appropriate  model  form  for  modeling  recreational  boating 
accidents. 
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We  now  turn  to  the  three  techniques  mentioned  at  the  beginning  of  this  subsection. 
The  first  concerns  the  use  of  computer  simulation  to  "fill  in"  data  not  available 
in  accident  reports,  and  may  be  called  Simulation  Augmented  Profiling.  If  certain 
data  is  not  available  in  accident  reports  it  may  be  possible  to  obtain  it  by  other 
means.  For  example,  it  may  be  desirable  to  have  information  on  the  types  of  PFDs 
available  to  accident  victims;  i.e.,  the  types  on  board  a boat  before  an  accident 
occurrence.  However,  this  data  is  not  usually  contained  in  accident  reports.  If 
it  is  available  from  another  source,  say  a nationwide  photographic  study,  then  it 
may  be  possible  to  overlay  it  onto  the  accident  profile.  This  may  be  done  through 
the  use  of  simulation  as  illustrated  in  Figure  III -8  and  described  in  the  follow- 
ing paragraphs. 

If  analysts  determine  that  important  data  is  lacking  in  the  accident  reports  they 
are  using,  they  can  decide  if  it  is  possible  to  obtain  the  data  from  another  source. 
If  this  is  possible,  the  researchers  must  decide  on  those  variables  most  closely 
related  (correlated)  with  the  data  desired  and  the  accidents  being  profiled.  These 
"selection  variables"  will  be  used  to  match  the  data  obtained  from  an  outside  source 
with  the  data  from  the  accident  reports.  For  instance,  in  the  case  of  PFD  availa- 
bility, the  selection  variables  might  be  boat  size  and  type,  region  of  the  country, 

and  number  of  persons  on  board.  Necessarily,  data  on  the  selection  variables  must 

be  available  both  in  the  accident  reports  and  the  outside  source. 

Once  the  data  from  the  outside  source  (survey,  etc.)  is  gathered,  probability 
functions  (tables,  discrete  density  functions,  histograms,  etc.)  are  obtained 
for  each  combination  of  selection  variable  values.  These  are  represented  in 
Figure  1 1 1-8  by  a set  of  density  functions.  The  process  of  adding  or  overlaying 
the  data  onto  the  accident  profile  can  now  take  place.  As  shown  in  Figure  1 1 1-8 , 
the  computer  selects  an  accident  from  the  accident  profile  data  base,  checks  the 
values  of  the  selection  variables  for  that  accident  and  chooses  the  corres- 
ponding probability  function.  A Monte-Carlo  (random)  selection  method  is  then 
employed  using  the  selected  probability  function  to  obtain  simulated  data  for 
the  selected  accident.  This  data  is  added  or  overlayed  onto  the  data  already 
present  for  the  accident  and  the  results  are  added  to  an  "augmented"  data  base. 

The  simulation  process  is  repeated  for  the  same  accident  a sufficient  number  "n" 
of  times  to  obtain  a proper  or  realistic  "spread"  of  data.  Then,  if  not  all 
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FIGURE  III -8 . AUGMENTING  ACCIDENT  PROFILE  BY  SIMULATION 


accidents  have  yet  been  processed,  a new  accident  is  selected  and  the  process  is 
repeated.  When  the  process  is  complete  the  analysts  will  have  an  "augmented" 
accident  profile,  one  with  the  data  from  the  original  profile  together  with 
simulated  data  derived  from  another  source.  This  augmented  profile  may  be  used 
in  the  same  way  as  any  accident  profile  except  that  the  source  of  the  additional 
data  and  the  method  used  to  overlay  it  (including  the  choice  of  selection 
variables)  must  be  considered  when  questions  occur  as  to  the  validity  of  results 
based  on  the  augmented  profile. 

A second  technique,  which  we  shall  call  Criterion  Group  Accident  Profiling  has 
been  suggested  by  T.  Doll.  This  technique  involves  the  comparison  of  two 
samples  which  are  distinguished  (a'  priori)  by  some  criterion  such  as  accident 
type.  The  samples  are  examined  to  determine  if  causal  factors  occur  signifi- 
cantly more  or  less  frequently  in  one  sample  than  in  the  other.  Statistical 
tests  on  contingency  tables  such  as  Chi-Square  or  Fisher  Exact  tests  may  be  used 
to  test  hypotheses  that  the  causal  factors  occur  in  different  percentages  in  the 
parent  populations.  If  one  makes  such  a comparison  between,  say,  capsizings  and 
collisions,  some  factors  will  obviously  occur  with  different  frequencies.  "Load 
shift"  and  "didn't  see  other  boat"  are  examples.  There  are  other  factors, 
however,  for  which  it  is  not  clear  as  to  whether  they  should  be  more  prevalent 
in  one  type  of  accident  than  another.  Duration  of  outing  and  alcohol  consump- 
tion might  be  examples.  Although  significant  differences  in  the  frequency  of 
occurrence  of  a factor  do  not  prove  that  factor  to  be  an  accident  cause,  they  do 
suggest  that  further  research  might  be  appropriate.  As  with  all  profiling,  the 
analyst  must  remain  aware  that  accident  reports  may  be  biased  and  that  reports  of 
accidents  of  different  types  may  be  biased  differently,  so  that  although  a factor 
may  be  present  in  both  instances,  it  may  only  be  reported  in  one. 

The  third  technique.  Accident  Scenario  Modeling,  may  be  used  when  large  fractions 
of  the  accidents  being  analyzed  occur  under  very  similar  circumstances.  In  this 
case,  it  may  be  possible  to  group  these  accidents  into  "equivalence  classes,"  all 
accidents  in  the  same  class  involving  the  same  or  very  similar  circumstances.  For 
each  class,  an  "accident  scenario"  can  then  be  synthesized.  This  scenario  would 
be  a simplified  description  of  a typical  accident  in  the  class,  with  those  factors 
not  related  to  the  accident  occurrence  omitted. 


Possible  Coast  Guard  safety  activities  including  regulations  could  be  evaluated 
against  each  scenario  to  determine  likely  effects  on  the  corresponding  accident 
class.  In  this  manner,  activities  with  the  greatest  potential  could  be  tentative- 
ly determined.  As  a check,  these  activities  could  then  be  evaluated  against  the 
descriptions  of  the  individual  accidents  in  the  scenario  classes. 

The  three  techniques  described  above  have,  to  the  best  of  our  knowledge,  never 
been  fully  employed  in  any  boating  safety  study.  A variant  of  Criterion  Group 
Accident  Profiling  has  been  used  in  performing  benefit  analyses  with  the  Accident 
Recovery  Model.  Called  multistate  benefit  analyses,  it  is  described  in  Section 
IV,  6.2.  Accident  Scenarios  have  been  used  occasionally,  but  mainly  as  illustra- 
tions of  the  ways  accidents  can  occur  rather  than  as  analysis  tools.  Reference 
1 1 1-6  includes  some  example  scenarios. 

In  conclusion,  we  would  like  to  stress  the  importance  of  proper  accident  profile 
modeling.  If  an  adequate  effort  is  not  put  into  this  portion  of  an  analysis  proj- 
ect, subsequent  analysis  results  will  almost  certainly  not  be  satisfactory.  In 
the  cases  of  general  data  bases  to  be  used  in  many  analyses  any  inadequacies  will 
be  repeatedly  felt.  For  this  reason,  we  describe,  in  Section  XII,  some  of  the 
basic  data  requirements  for  recreational  boating  safety  analyses. 
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APPENDIX  I I I -A  - SUGGESTED  DATA  MANAGEMENT 
PROCEDURES  FOR  SPECIFIC  ANALYSIS  EFFORTS 


I . DATA  STORAGE 

A.  Accident  Reports 

1.  Hard  (paper)  copies  or  systematically  labeled  microfiche  of  all 
accident  reports  should  be  used. 

2.  If  (1)  is  not  feasible,  systematically  labeled  microfilm  should 
be  used  so  that  analysts  can  refer  back  to  particular  accident 
reports. 

B.  Each  accident  report  and  its  corresponding  computer  coded  data  should 
be  labeled  with  an  identifying  code  (in  addition  to  the  Coast  Guard 
number)  if  paper  copies  of  accident  reports  are  used. 

C.  A central  file  of  all  accident  reports,  computer  tapes,  cards,  etc., 
should  be  maintained. 

1.  Analysts  would  be  required  to  check  items  out  and  in. 

2.  File  locked  when  not  in  use. 

3.  One  person  in  charge  of  file  with  an  alternate  in  case  first 
person  unavailable. 

4.  Paper  copies  of  reports  should  be  in  three-ring  binders;  copies 
not  to  be  removed  except  for  duplicating.  If  a report  is  removed, 
a colored  page  should  be  inserted  in  its  place. 

5.  Possibly,  a duplicate  set  of  all  computer  cards  should  be  kept 
in  another  location. 

II.  ANALYSIS  PROCEDURES 

A.  Use  of  Accident  Analysts  (Coders) 

1.  At  least  two  analysts  should  analyze  each  accident. 

2.  One  of  the  following  methods  should  be  used. 

a)  Two  or  more  analysts  independently  analyze  each  accident  report 
and  then  their  separately  coded  results  are  compared  (see 

I I . B. ) . Discrepancies  are  resolved  in  a meeting  of  all  analysts. 

b)  One  analyst  verifies  work  of  another  by  re-analyzing  accident 
reports  with  the  work  of  the  other  analyst  before  him.  (Each 
analyst  performs  original  analysis  of  some  accident  reports  and 
then  trades  coding  sheets  and  reports  with  another  analyst  for 
verification  of  the  work  of  both.)  Discrepancies  are  resolved 
in  a meeting  of  all  analysts. 
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B.  All  accidents  are  coded  directly  onto  computer  coding  sheets.  If 
procedure  A. 2. a is  used,  it  is  suggested  that  for  checking  purposes 
a separate  set  of  data  cards  be  punched  for  each  analyst's  work. 

(This  results  in  at  least  two  cards  for  each  accident.)  Instead  of 
having  the  punching  verified,  a computer  routine  is  used  to  scan  cor- 
responding cards  for  discrepancies.  These  would  either  be  the  result 
of  keypunch  errors  or  variations  in  the  accident  analysis  results  of 
different  coders. 

C.  Project  leader  checks  sample  of  each  analyst's  work  to  detect  misused 
definitions.  A sequential  sampling  procedure  should  be  used. 

III.  COMPUTER  RELATED  TOPICS 

It  is  desirable  to  have  a general  computer  program  which  can  be  used  in 
analyzing  all  data  bases  (utilizing  subroutines  for  specialized  needs). 

In  order  to  accomplish  this  goal,  it  is  necessary  to  have  a certain  degree 
of  standardization. 

A.  Each  accident  card  should  be  identified  with  a code  which  indicates: 

1.  To  which  data  base  it  belongs. 

2.  An  identifying  accident  number. 

3.  An  identifying  boat  number  (where  applicable). 

4.  An  identifying  victim  number  (where  applicable). 

5.  A card  number  (if  more  than  one  card  is  used  for  the  accident, 
boat  or  victim,  as  the  case  may  be). 

Possible  format: 

Data  base  code  letters 
Accident  number 
Boat  number 
Victim  number 
Card  number 

B.  Standardized,  numeric  coding  should  be  used  for  variables  and  variable 
values  which  are  common  to  more  than  one  data  base.  For  instance, 

"-1"  could  represent  "Not  Applicable"  and  "-2"  could  represent  "Unknown." 
This  will  facilitate  the  use  of  SPSS  or  other  computer  routines. 

C.  All  data  bases  should  include  certain  variables  such  as: 

1.  Accident  type 

2.  Data  analyst(s) 

3.  Number  of  victims  involved 

4.  Number  of  fatalities 

5.  Oate,  time,  location  of  accident 

6.  Boat  age 

7.  Whether  boat  complied  with  safety  standards 
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D.  Program  Requirements 


Although  SPSS  will  likely  be  used,  whatever  computer  program  is  selected 
should  satisfy  those  of  the  following  criteria  applicable  to  the  model 
form. 

1.  Must  permit  flexibility  in  defining  variables  and  categories  of 
values  within  a variable. 

2.  In  those  cases  where  more  than  one  card  is  used  for  an  accident 
(e.g.,  one’ card  for  each  boat  in  a two  boat  collision),  the  program 
must  be  able  to  combine  information  from  the  cards  to  obtain  overall 
information  on  the  accident.  That  is,  it  must  be  possible  to  get 
"by  accident"  data  using  "by  boat"  or  "by  victim"  coded  data. 

E.g.,  as  a separate  card  would  be  used  for  each  boat  in  a two  boat 
collision,  it  should  be  possible  to  combine  the  number  of  fatalities 
on  each  boat  to  obtain  the  total  fatalities  for  the  accident  and 
use  this  number  in  further  analyses  (sorts,  tabulations,  compari- 
sons) including  associating  it  with  other  information  from  either 
or  both  boat  cards. 

3.  Must  be  able  to  sort  and  tabulate  on  several  variables  simultaneously, 
sorting  on  "and"  and  "or"  combinations  of  variables  and  variable 
values;  e.g.,  tabulate  those  accidents  which  are  coded  "3"  and  "7" 

in  Variable  X and  are  coded  "6"  in  Variable  Z.  This  includes  cross- 
tabulations (joint  frequencies)  on  several  variables. 

4.  Program  should  contain  basic  subroutines  to  compute  ratios,  means, 
medians,  modes,  and  standard  deviations  and  allow  for  specialized 
subroutines  for  performing  statistical  tests  such  as  Chi-square 
and  Fisher  Exact. 
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APPENDIX  III -B  - WEIGHTING  THE  SAMPLE  DATA  IN  AN  ACCIDENT  PROFILE 


If,  as  is  often  the  case,  it  is  desired  to  adjust  the  frequencies  in  a data  base 
of  sampled  accident  reports  to  reflect  Coast  Guard  statistics  for  all  relevant 
reported  accidents,  it  is  necessary  to  use  weighting  factors.  Even  randomly 
chosen  or  carefully  stratified  samples  will  show  some  variation  in  relative  fre- 
quencies when  compared  with  the  actual  population  from  which  the  sample  is 
drawn.  This  variation  can  be  reduced  by  careful  choice  of  weighting  factors. 

It  should  be  emphasized  that  weighting  factors  are  used  only  to  adjust  the 
accident  sample  to  reflect  certain  known,  well-defined  accident  population 
statistics,  such  as  numbers  of  fatalities.  They  must  not  be  used  to  adjust  for 
ill -defined,  or  unknown,  but  estimted  or  desired  accident  population  charac- 
teristics. 

The  analyst(s)  first  must  decide  on  the  parameters  on  which  weighting  should  be 
based.  This  will  depend  on  which  are  felt  to  be  most  important.  Fatalities 
almost  certainly  will  be  included.  Accident  type,  boat  type  and  boat  length  are 
also  likely  to  be  considered  important.  Whichever  parameters  are  chosen,  it 
will  be  necessary  to  have  (k-dlmenslonal ) matrices  of  frequencies  for  all  combi- 
nations of  parameter  values,  each  parameter  corresponding  to  one  dimension  of 
the  matrix.  One  of  these  matrices  will  be  of  population  frequencies,  the  other 
of  sample  frequencies.  A matrix  of  weights  can  then  be  obtained  by  dividing 
each  population  frequency  by  the  corresponding  sample  frequency.  Mathematically, 

Wa  ■ r • Sa  ' 0 

Q 

where  a is  a k-tuple  of  positive  integers  indicating  the  entry  positions- (cell s) 
in  the  matrices,  W is  the  weight  in  the  a-position  (cell)  of  the  weight  matrix 

a 

W,  and  Pa  and.S.  are  the  frequencies  in  the  a-positions  (cells)  of  the  population 

a a 

and  sample  frequency  matrices,  P and  S,  respectively. 

For  example,  suppose  the  analyst's  desire  to  adjust  the  sample  frequencies 
to  match  1975  Coast  Guard  statistics  for  the  parameters  (categories),  boat 
type,  accident  type,  and  victim  (fatality  and  survivor)  frequencies.  The 
matrices  will  have  a dimension  for  each  parameter  and  thus  will  be  3-dimensional. 
Weights  are  calculated  by  dividing  corresponding  entries  from  the  population 


(i.e..  Coast  Guard  statistics)  and  sample  frequency  matrices.  For  example,  say 
the  (6,2,1)  - entry  in  each  matrix  corresponds  to  (canoe,  capsizing,  fatality). 
If  the  sample  contains  25  fatalities  in  canoeing,  capsizing  accidents  then  Sa  * 

a 

S(g  g i)  = 25.  From  CG-357  the  analysts  obtain  P&  = 2 1)  = ^9.  There^ore* 
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In  certain  instances,  the  matrix  S of  sample  frequencies  will  contain  a zero 
entry  while  the  corresponding  entry  in  the  matrix  P of  population  frequencies  is 
non-zero.  This  normally  will  occur  only  when  the  population  frequency  entry  is 
small,  so  that  the  likelihood  of  a sampled  accident  being  chosen  with  the  given 
characteristics  (parameter  values)  is  small.  In  such  a case  any  value  for  the 
weight  could  be  entered  in  W as  that  weight  would  never  be  used.  It  is  suggested 
that,  as  one  check  on  the  weighting  program,  a very  large  negative  number  be 
entered.  Then  if  the  weight  is  incorrectly  used,  such  use  will  be  obvious  from 
the  negative  adjusted  frequencies  obtained. 

If  an  entry  of  S Is  zero  while  the  corresponding  entry  P of  P is  non-zero,  the 
above  weighting  procedure  will  not  include  the  frequency  Pa  in  arriving  at 

u 

adjusted  frequency  totals,  and  such  totals  will  therefore  be  smaller  than  the 
actual  frequency  totals.  If  this  is  undesirable,  the  following  alternatives  are 
suggested: 

• If  accidents  corresponding  to  a zero  entry  in  S (i.e.,  with  no  sample 
data)  are  considered  important,  the  Coast  Guard  data  bank  can  be 
searched  for  these  accidents  in  order  to  obtain  their  case  numbers. 

The  accident  reports  can  then  be  located  and  added  to  the  sample. 

This  will  result  in  a revised  matrix  S of  sample  frequencies  and  a 
corresponding  revised  weight  matrix  W. 

• Population  cell  frequencies  may  be  combined.  This  may  be  done  in  one 
of  two  ways  which  shall  be  illustrated  by  examples.  Suppose 
S(3,2j)  * 0.  If  the  accident  categorizations  (3,2,-)  are  all  similar 
one  may  decide  to  collapse  the  matrices  across  their  third  dimensions 
by  summing.  For  Instance,  the  values  p(3  2 1)’  P(3  2 2)’  •'*’  P(3  2 k) 


may  be  summed  to  obtain  a value  2)  the  population  matrix  and 
values  may  be  similarly  combined  in  the  sample  matrix  S.  An  alternative 
would  be  to  combine  the  values  in  only  two  matrix  cells.  For  instance, 

if  S(3,2,l ) = °*  S(3,2,2)  = 18‘  P(3,2,l)  = 17  and  P(3,2,2)  = 201  ’ one 
could  sum  P(3>2,i)  and  P(3,2,2)  and  assi9n  this  value,  218,  to  p(3  2 2 ) 

and  assign  the  value  zero  to  p(3<2j)-  The  reassigned  values  would 

218’  S(3 ,2 , 1 ) = 0 and  S(3,2,2)  = 18- 


be  P( 3,2 , 1 ) = °’  P(3,2,2) 


To  merely  make  a final  adjustment  of  frequencies  to  bring  the  weighted 
sample  frequencies  up  to  the  population  frequencies,  each  computed 
weighted  frequency  can  be  multiplied  by 
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that  is,  by  the  ratio  of  the  total  population  frequency  to  the  adjusted 
sample  frequency  (adjusted  by  using  weights  derived  from  the  non-zero 
entries  in  S).  In  effect,  this  inflates  all  weighted,  non-zero  sample 
values  to  adjust  for  the  "missing"  subcategories  (those  with  zero 
cell  frequencies). 

• A procedure  similar  to  the  preceding  can  be  performed  with  the  adjust- 
ments being  made  within  only  some  categories  (e.g.,  fires)  rather  than 
overall.  In  effect,  this  inflates  all  weighted,  non-zero  sample  values 
in  a. category,  such  as  fires,  to  adjust  for  "missing"  subcategories, 
such  as,  say,  fires  on  sailboats. 

The  last  three  procedures  may  introduce  considerable  error  if  the  accident  sub- 
categories involved  have  relatively  large  frequency  (P  1 in  the  accident  popula- 

a 

tion  and  differ  significantly  from  "average"  sampled  accidents. 

The  procedure  for  applying  the  weighting  factors  Is  straightforward.  In  tabu- 
lating, etc.,  the  parameter  values  corresponding  to  each  accident  (victim,  etc.) 
are  checked,  the  appropriate  weight  is  selected  from  U and  the  tabulation  total 
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is  incremented  by  this  weight,  rather  than  by  "one."  Thus,  in  effect,  each 
sample  accident  (victim,  etc.)  in  the  a-category  is  counted  as  Wa  population 

accidents  (victims,  etc.)  in  that  category. 

For  instance,  consider  the  above  example  involving  canoe  caps i zings.  In  a tab- 
ulation of  all  accident  victims  wearing  PFDs,  each  sample  victim  wearing  a PFD 
who  was  a fatality  in  a canoe  capsizing  (i.e.,  was  in  subcai.egory  (6,2,1)), 
would  be  counted  as  4.36  victims. 

Because  it  is  important  to  be  able  to  update  the  data  base  and  to  account  for 

changes  in  the  accident  population,  the  above  described  method  of  applying  the 

weights  is  appropriate.  The  alternative  would  be  to  replace  each  accident  (vic- 
tim, etc.)  entry  in  the  data  base  with  its  appropriate  weight  and  thus  be  able  to 

tabulate  weights  directly.  However,  this  would  make  data  updating  more  difficult 
as  well  as  requiring  more  storage  space  for  the  extra  digits  needed  in  each  data 
entry.  For  the  most  efficient  updating  of  data,  a computer  routine  for  recompu- 
ting the  matrices  P,  S and  W should  be  available. 


IV  THE  ACCIDENT  RECOVERY  MODEL 


TABLE  OF  CONTENTS 


1.0 

INTRODUCTION 

IV-1 

2.0 

ARM  DEVELOPMENT 

IV-9 

2.1 

Method 

IV-9 

2.2 

Results 

IV-10 

3.0 

DATA 

SELECTION 

IV-14 

3.1 

Method 

IV-1 4 

3.2 

Results 

IV-20 

4.0 

DATA 

PROCESSING 

IV-26 

4.1 

Method 

IV-26 

4.2 

Results 

IV-28 

4.2.1  Results:  Representativeness  of  ARM  Data 

IV-28 

4.2.2  Results:  Basic  Tabulations 

IV-29 

4.3 

Summary  of  Basic  ARM  Results 

IV-41 

5.0 

DATA 

ANALYSES 

IV-43 

5.1 

Methods 

IVr43 

5.2 

Results 

IV-44 

5.3 

Summary 

IV-51 

6.0 

ARM  1 

3ENEFIT  ESTIMATION:  METHODS  AND  EXAMPLES 

IV-53 

6.1 

Introduction 

IV-53 

6.2 

Multistate  Benefit  Analysis 

IV-57 

6.2.1  Multistate  Analysis  Guidelines 

IV-59 

6.3 

Benefit  Estimation  for  Increased  PFD  Use 

IV-63 

6.3.1  Analysis 

IV-63 

6.3.2  Technical  Details 

IV-67 

6.4 

Level  Flotation  Benefits 

IV-76 

6.5 

Benefits  Resulting  from  a Decision  to  Stay  with  One's  Boat 

IV-80 

6.6 

Summary  of  Benefit  Estimations 

IV -83 

7.0 

ARM  CONCLUSIONS 

IV-85 

SECTION  IV  REFERENCES 

IV-87 

IV-1 


TABLE  OF  CONTENTS  (continued) 


APPENDIX  IV-A.  ARM  VARIABLE  CODING  AND  DATA  WEIGHTING  IV-A-1 

APPENDIX  IV-A-1.  ARM  ANALYST'S  GUIDE  IV-A-2 

APPENDIX  IV-A-2.  VARIABLES  CODED  BY  CASE  NUMBERS  IV-A-25 

APPENIX  IV-A-3.  VARIABLE  FORMATTING  IV-A-26 

APPENDIX  IV-A-4.  WEIGHTING  THE  ARM  DATA  IV-A-28 

APPENDIX  IV-B.  MULTISTATE  GUIDELINE  PROOFS 


APPENDIX  IV-C.  EXAMPLE  CONTINGENCY  TABLES  USED  IN  SELECTING  C-VARIABLES 
FOR  USE  IN  MULTISTATE  BENEFIT  CALCULATIONS 


LIST  OF  FIGURES 


FIGURE  IV-1.  CHRONOLOGY  OF  PROGRESS  FOR  THE  ACCIDENT  RECOVERY  MODEL  IV-2 


(ARM) 

FIGURE  IV-2.  ARM  CODING  SHEET  IV-1 1 

FIGURE  IV-3.  ARM  CODING  AND  VERIFICATION  PROCEDURES  IV-27 

FIGURE  IV-4.  ACCIDENTS  BY  GEOGRAPHIC  REGION  FOR  1975  AND  ARM  IV-28 

FIGURE  IV-5.  MONTH  OF  OCCURRENCE  FOR  COAST  GUARD  AND  ARM  DATA  IV-30 

FIGURE  IV-6.  TIME  OF  DAY  OF  ACCIDENT  FOR  CAOST  GUARD  AND  ARM  DATA  IV-30 

FIGURE  IV-7.  YEAR  OF  MANUFACTURE  OF  BOAT  FOR  COAST  GUARD  AND  IV-31 

ARM  DATA 


FIGURE  IV-8.  ANNUAL  BENEFIT  OF  PFD  USE  AS  A FUNCTION  OF  BASE  RATE  y IV-68 

o 

LIST  OF  TABLES 


TABLE  IV-1.  NUMBER  OF  FATALITIES  NEEDED  TO  MATCH  CG  DATA  WITH  IV-1 7 

ALL  FATALITY  WEIGHTS  LESS  THAN  10 

TABLE  IV-2.  NUMBER  OF  RECOVERIES  NEEDED  TO  MATCH  CG  DATA  WITH  IV-1 7 

ALL  RECOVERY  WEIGHTS  LESS  THAN  20 

TABLE  IV-3.  FATALITY  DATA  TO  BE  MATCHED  BY  WEIGHTED  ARM  DATA  IV-18 

TABLE  IV-4.  RECOVERY  DATA  TO  BE  MATCHED  BY  WEIGHTED  ARM  DATA  IV-18 

TABLE  IV-5.  TOTAL  FATALITIES  (UNWEIGHTED)  IN  ARM  DATA  BASE  IV-21 

TABLE  IV-6.  TOTAL  RECOVERIES  (UNWEIGHTED)  IN  ARM  DATA  BASE  IV-21 

TABLE  IV-7.  ARM  FATALITY  WEIGHTS  IV-23 

TABLE  IV-8.  ARM  RECOVERY  WEIGHTS  IV-23 

TABLE  IV-9.  ARM  DATA  (VICTIM)  BY  YEAR  OF  OCCURRENCE  OF  ACCIDENT  IV-29 

TABLE  IV-10.  PEOPLE  ON  BOARD  IV-33 

TABLE  IV-11.  ARM  VICTIMS  BY  BOAT  LENGTH  IV-34 

TABLE  IV-1 2.  ARM  VICTIMS  BY  BOAT  TYPE  IV- 35 

TABLE  IV-1 3.  ARM  VICTIMS  BY  ACCIDENT  TYPE  IV-36 

TABLE  IV-14.  ARM  VICTIMS  BY  WATER  TEMPERATURE  IV-36 

TABLE  IV-15.  ARM  VICTIMS  BY  DISTANCE  TO  SHORE  OR  ANOTHER  VESSEL  IV-38 


TABLE  OF  CONTENTS  (concluded) 


LIST  OF  TABLES  (concluded) 


TABLE  IV-16.  BEHAVIOR  AND  CIRCUMSTANCES  FOR  ARM  VICTIMS  IV-40 

TABLE  I V- 1 7 . ARM  FATALITIES:  BOAT  TYPE  BY  ACCIDENT  TYPE  IV-45 

TABLE  IV-18.  ARM  RECOVERIES:  BOAT  TYPE  BY  ACCIDENT  TYPE  IV-45 

TABLE  IV-19.  ARM  ADULTS:  PFD  USE  BY  WATER  CONDITIONS  IV-49 

TABLE  IV-20.  ARM  ADULTS:  PFD  USE  BY  ASSISTING  PARTY  IV-50 

TABLE  IV-21 . ARM  VICTIMS:  PFD  USE  FOR  NONINJURED,  IN  THE  WATER  IV-51 

FIVE  MINUTES  OR  LESS 

TABLE  IV-22.  ANNUAL  BENEFITS  RESULTING  FROM  PFD  USE  IV-65 

TABLE  IV-23.  C-VARIABLES  TESTED  AGAINST  PFD  USE  IV-70 

TABLE  IV-24.  C-VARIABLES  USED  IN  BENEFIT  CALCULATIONS  IV-71 

TABLE  IV-25.  MULTISTATE  ANALYSIS  TABLES  FOR  PFD  USE  IV-73 

TABLE  IV-26.  MULTISTATE  ANALYSIS  TABLE  FOR  LEVEL  FLOTATION  IV-79 


IV-iii/iv 


IV  THE  ACCIDENT  RECOVERY  MODEL 


1.0  INTRODUCTION 

In  this  section  we  describe  a particular  accident  profile  model,  the  Accident 
Recovery  Model  (ARM).  This  will  provide  an  example  of  some  of  the  methods  pre- 
sented in  Section  III. 

It  should  be  noted  that  the  use  of  an  accident  profile  model,  such  as  ARM,  is 
an  integral  part  of  the  benefit  estimation  process.  It  is  through  the  use  of 
such  a model,  possibly  along  with  engineering  tests,  etc.,  that  an  estimate  of 
the  potential,  full -implementation  effectiveness  of  a safety  standard  or  program 
is  made.  As  described  in  Section  VI,  this  estimate  is  then  used  in  arriving 
at  year-by-year  safety  benefit  predictions. 

ARM  has  been  developed  as  an  analysis  tool,  with  related  techniques  and  procedures 
that  organize  and  summarize  accident  data  so  that  the  role  of  personal  flotation 
devices  in  saving  lives  can  be  evaluated  and  the  impacts  (in  terms  of  reducing 
fatalities)  of  existing  and  proposed  regulatory  and  educational  programs  can  be 
assessed.  The  discussions  in  this  section  demonstrate  how  ARM  has  fulfilled 
this  dual  purpose.  Included  is  a discussion  of  how  ARM  was  developed,  example 
statistics  which  can  be  derived  from  it,  and  examples  of  its  use  in  estimating 
potential  benefits  of  safety  regulations.  Readers  who  are  only  interested  in 
the  benefit  estimation  uses  of  ARM  may  wish  to  proceed  directly  to  Section  IV, 

6.0,  where  the  methods  and  examples  are  presented. 

ARM  was  developed  as  a versatile  and  general  data  analysis  model,  in  response  to 
the  complex  and  interactive  nature  of  the  processes  by  which  boating  accident 
victims  live  and  die.  The  model  is  empirical,  and  represents  an  organized  and 
structured  data  base.  The  development  of  ARM  was  an  iterative  process,  requir- 
ing repeated  development  of  parts  of  the  model,  and  testing  by  processing  ac- 
cident data.  In  order  to  accomplish  the  desired  versatility  and  generality  of 
ARM,  the  model  was  designed  to  encompass  a large  number  of  variables  in  the 
accident  data.  A detailed  sampling  and  weighting  plan  was  devised  for  the  se- 
lection of  the  accidents  to  be  processed,  and  the  projection  of  these  data  to 
•present  the  entire  data  base  of  the  Coast  Guard  for  reported  recreational  boat- 
• j i< clients.  The  boating  accident  reports  in  the  ARM  sample  were  each  coded 
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DEVELOPMENT 

The  development  of  ARM  was  an 
iterative  process,  based  upon 
empirical  data.  The  development 
essentially  followed  the  process 
illustrated  in  Figure  III-l. 


DEVELOPMENT  OF 
CODING  AND 
VERIFICATION 
PROCEDURES 


The  ARM  Analyst's  Guide  was 
written,  along  with  needed 
computer  programs. 


GENERATION  OF 
THE  ARM  SAMPLING 
AND  WEIGHTING 
PLAN 


The  ARM  sampling  and  weighting 
plan  was  designed  to  represent 
an  "average"  year. 
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GENERATION  OF 
ARM  DATA  BASE 
(CODING  AND 
VERIFICATION) 


The  data  were  coded  independently, 
verified  by  computer  and  analysts, 
and  reviewed  by  senior  project 
personnel . 


ANALYSES  OF 
BASIC  RESULTS 


The  sampling  and  weighting  plan 
was  verified,  the  representative- 
ness of  the  ARM  data  was  checked. 
The  results  were  analyzed,  vari- 
able by  variable,  for  the  entire 
ARM  data  base. 


Variable  interrelationships  were 
explored,  results  were  provided 
for  other  parts  of  the  PFD  pro- 
ject, and  complex  analysis  tech- 
niques were  developed  and  used  to 
evaluate  the  role  of  PFDs  in  boat- 
ing accidents  and  the  impacts  of 
various  existing  and  proposed 
USCG  programs. 

FIGURE  IV-1.  CHRONOLOGY  OF  PROGRESS  FOR  THE  ACCIDENT  RECOVERY  MODEL  (ARM) 


DATA  ANALYSES 
AND  BENEFIT 
ESTIMATIONS 
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independently  by  two  analysts,  and  the  codings  were  verified  by  computer  and  a 
third  analyst  (the  verifier).  About  10%  of  the  verified  codings  were  reviewed 
by  senior  project  personnel  for  accuracy.  Thus,  the  data  were  sampled,  coded, 
verified,  and  weighted  in  order  to  accurately  mirror  the  recreational  boating 
accidents  for  an  "average"  year.  The  model  and  analysis  development  process  is 
illustrated  in  Figure  IV-1. 

The  basic  results  reported  in  this  section  indicate  that  the  ARM  data  base  is  repre- 
sentative of  the  Coast  Guard's  data.  The  thorough  examination  of  those  results  in 
this  text,  variable  by  variable,  points  out  the  need  for  more  detailed  analysis  and 
statistical  techniques  in  order  to  examine  several  variables  simultaneously.  The 
ARM  data  are  compared  to  Coast  Guard  data  for  geographical  distribution,  time  of 
day,  month,  and  other  variables  in  the  pages  that  follow,  in  order  to  establish 
the  representativeness  of  the  ARM  data.  Additional  analyses  are  generated  which 
illustrate  the  influences  of  boat  parameters,  environmental  factors,  and  people's 
behavior  on  the  probability  that  an  individual  survives  his  or  her  accident. 

Several  of  these  variables  display  similar  tendencies  in  the  data,  indicating 
the  need  for  multivariate  analyses. 

Throughout  this  section,  the  reader  must  remain  aware  that  ARM  data  are  based 
solely  on  reported  accidents.  As  such,  while  ARM  is  representative  of  the  Coast 
Guard's  data,  neither  ARM  nor  the  Coast  Guard's  data  may  be  representative  of  the 
total  boating  accident  situation.  This  is  because  less  serious  accidents  are 
often  not  reported. 

There  has  been  a limited  amount  of  research  performed  in  an  attempt  to  estimate 
accident  reporting  rates.  In  addition  to  unpublished  Coast  Guard  research,  Wyle's 
Phase  I Collision  Research  report  (Reference  IV-7,  Section  1.2.3)  contains  some 
comparisons  of  insurance  company  boating  accident  claim  report  data  with  Coast 
Guard  BAR  report  data.  Additionally,  comparisons  can  be  made  between  the  1973 
and  1976  CG-357  reports  and  the  corresponding  Nationwide  Boating  Surveys  (Ref- 
erence IV-8),  although  it  must  be  realized  in  making  such  comparisons  that  the 
accuracy  of  the  Nationwide  Boating  Survey  data  may  depend  on  accident  type.  For 
instance,  accidents  for  which  respondents  (interviewees)  felt  there  might  be 
some  blame  associated  may  not  always  have  been  reported. 
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There  is  strong  indication  that  the  percentages  of  boating  accidents  reported 
varies  with  accident  type  and  boat  type.  For  instance,  it  is  almost  certain 
that  a lesser  percentage  of  falls  overboard  are  reported  than  are  collisions  and 
that  capsizings  involving  small  manual  or  sail  boats  have  a smaller  reporting 
percentage  than  do  capsizings  involving  large  cabin  cruisers.  Because  accident 
reporting  rates  are  almost  certainly  not  uniform  THE  READER  IS  WARNED  THAT 
THE  ARM  DATA  AND  BENEFIT  ANALYSES  PRESENTED  IN  THIS  SECTION  ARE  BASED  ON  REPORTED 
ACCIDENTS  ONLY  AND  DO  NOT  NECESSARILY  REFLECT  THE  TOTAL  POPULATION  OF  BOATING 
ACCIDENTS.  One  result  of  this  possible  non-representativeness  is  that  recovery 
probabilities  are,  in  most  cases,  underestimated  due  to  under-reporting  of  non- 
fatal  accidents.  Consequently,  the  benefit  estimates  presented  in  Section  IV, 

6.0  may  be  in  error.  Section  IV,  6.0  contains  a further  discussion  of  this 
possibility. 

Some  basic  results  indicate  possible  problem  areas  in  recreational  boating. 

These  were  identified  by  the  low  probabilities  of  recovery  corresponding  to 
reported  victims  in  parts  of  ARM.  For  example,  it  was  found  that  certain  boat 
types  (canoes,  kayaks,  open  manual  boats,  and  "other"  boats)  appear  to  be  asso- 
ciated with  low  chances  for  survival  in  an  accident,  while  others  (powerboats, 
cabin  motorboats,  houseboats,  and  sail  boats)  appear  to  be  involved  in  accidents 
where  people  are  much  more  likely  to  live.  For  "type  of  power,"  all  types  of 
propulsion  were  associated  with  comparable  probabilities  of  recovery  except 
"manual,"  which  indicated  a very  low  chance  of  survival  associated  with  it. 

Such  results  abound  in  the  presentation  of  the  ARM  data,  but  the  reader  is  again 
warned  that  the  effects  of  non-uniform  reporting  rates  may  significantly  affect 
these  results. 

The  detailed  analyses  revealed  significant  interrelationships  between  varia- 
bles and  their  effects  on  a victim's  chances  for  survival.  In  particular, 
it  was  found  that  PFD  wear  was  highly  associated  with  severe  conditions  on 
other  variables  (water  conditions,  victim's  circumstances,  and  others).  For 
example,  a victim  who  wore  a PFD  was  much  more  likely  to  have  been  in  rough 
water  than  a victim  who  didn't  wear  a PFD.  The  victim  who  didn't  wear,  was 
much  more  likely  to  have  been  in  calm  water.  This  means  that  variables  such 
as  water  conditions  can  Introduce  biases  in  the  comparisons  (overall)  of  PFD 


wearers  to  non-wearers.  A solution  to  this  problem  is  to  include  an  analysis 
of  variables  other  than  those  of  direct  interest  to  a particular  estimate  or 
evaluation  for  their  possible  biasing  effects  on  that  estimate  or  evaluation. 
Examples  of  these  "multi -state"  solutions  are  included  in  this  section  of  the 
report. 

ARM  is  used  to  generate  quantitative  estimates  of  the  benefits  of  hypothetical 
and  actual  changes  in  recreational  boating  (changes  in  PFD  wear,  changes  in  PFD 
properties,  educating  boaters  to  stay  with  their  boats,  and  the  effects  of  level 
flotation).  The  approach  of  breaking  down  each  problem  into  multiple  factors  or 
states  has  proven  fruitful  in  terms  of  generating  meaningful  benefit  estimates. 
This  approach  is  necessitated  by  the  strong  interrelationships  between  factors 
which  determine  whether  a boating  accident  victim  lives  or  dies. 

The  current  annual  benefit  for  PFDs  is  estimated  to  be  between  50  and  124  lives 
saved.  The  upper  bound  for  the  potential  benefits  of  level  flotation  is  estimated 
to  be  263  lives  saved.  Since  the  ARM  data  base  is  historical,  and  very  few  level 
flotation  boats  are  included  in  it,  only  an  upper  bound  could  be  generated  for 
that  case. 

The  Accident  Recovery  Model  (ARM)  and  techniques  that  were  developed  in  conjunc- 
tion with  it  are  intended  to  provide  the  means  for  the  Coast  Guard  to  evaluate 
the  role  of  PFDs  in  saving  lives  and  to  assess  the  impacts  (in  reducing  fatali- 
ties) of  many  regulatory  and  educational  programs.  The  model  summarizes 
and  organizes  quantitative  data  concerning  boating  accident  victims.  By  pro- 
cessing data  from  boating  accident  reports,  marine  inspection  officer  reports, 
in-depth  investigations,  and  other  sources,  ARM  captures  the  important  aspects 
of  the  recovery  system  in  the  processes  by  which  individuals  live  or  die 
after  boating  accidents.  The  role  of  PFDs  and  their  interrelationships  with 
other  factors  (boater's  behavior,  weather,  flotation,  etc.)  are  highlighted  in 
ARM.  ARM  can  be  used  to  indicate  problem  areas  in  the  recovery  system,  such  as 
lack  of  PFD  accessibility,  lack  of  PFD  wear,  improper  boater  actions  (leaving 
the  boat,  etc.),  and  lack  of  flotation  In  the  boat.  ARM  provides  input  to  many 
parameters  used  in  evaluating  PFD  effectiveness,  wearability,  and  reliability. 
Techniques  have  been  devised  which  can  be  used  to  provide  estimates  of  potential 
benefits  to  be  achieved  via  certain  proposed  regulations  or  educational  programs. 
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based  upon  ARM  data.  This  section  presents  the  research  and  findings  of  the 
three  major  functions  of  ARM:  1)  to  organize  and  summarize  the  accident  data 
with  respect  to  the  recovery  system,  2)  to  provide  inputs  to  all  phases  of  PFD 
evaluation,  and  3)  to  provide  measures  and  techniques  for  evaluating  proposed 
Coast  Guard  programs. 

In  order  to  attain  the  goal  of  a common  method  of  evaluating  diverse  PFD  designs 
with  regard  to  regulation,  the  impact  of  a PFD's  life-saving  capability  on  pre- 
venting boating  accident  casualties  must  be  investigated.  This  is  why  ARM  is  a 
general  model,  and  goes  well  beyond  PFDs  alone.  It  reflects  a deliberate  attempt 
to  create  a data  base  that  would  be  general  enough  to  provide  answers  to  a variety 
of  questions.  Obviously  individual  models  or  projects  in  specific  problem  areas 
(such  as  level  flotation)  will  provide  more  detailed  information  and  more  accurate 
benefit  estimates  than  ARM  would  for  those  same  problem  areas.  However,  ARM  can 
summarize  the  accident  data  concerning  many  problems  and  their  interactions. 

Once  the  appropriate  data  have  been  processed,  ARM  can  be  used  to  generate 
quantitative  estimates  of  the  benefits  associated  with  proposed  or  existing 
regulatory  or  educational  programs.  For  example,  ARM  can  help  to  provide  answers 
to  questions  like  the  following: 

1.  How  many  lives  are  currently  saved  by  PFDs  annually? 

2.  What  would  be  the  effect  of  trade-offs  in  PFD  characteristics, 
such  as  giving  up  some  effectiveness  while  improving  wearability? 

3.  Should  PFDs  provide  greater  protection  against  hypothermia?  How 
many  boaters  die  or  become  unconscious  due  to  hypothermia 
annually? 

4.  What  are  the  interrelationships  between  PFDs  and  other  variables, 
such  as  water  conditions,  education,  boat  type,  accident  type, 
etc? 

5.  How  might  education  increase  recovery?  For  example,  is  the  maxim 
"stay  with  your  boat"  always  the  best  course  of  action? 

6.  How  might  level  flotation  affect  the  role  of  PFDs  in  accident 
recovery? 
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7.  How  many  adults  are  incapacitated  while  in  the  water,  requiring 
automatic  actuating  and/or  self-righting  PFDs? 

During  the  formulation  of  ARM,  three  general  methodological  principles  or  objec- 
tives emerged.  These  three  principles  gave  direction  to  the  development  of  the 
model  and  helped  to  insure  that  the  final  product  was  useful. 

The  first  of  these  principles  was  that  the  model  must  be  empirical.  It  is  based 
upon  documented  cases  of  recovery  or  fatality  in  recreational  boating  accidents 
rather  than  assumption  or  expert  opinion.  By  building  the  model  on  an  empirical 
base,  one  can  have  greater  confidence  that  the  result  is  a valid  representation 
of  the  way  recoveries  and  fatalities  actually  occur.  ARM  involves  relatively  few 
assumptions.  Furthermore,  these  assumptions  were  checked  and  modified  as  needed 
as  additional  data  were  gathered.  ARM  can  be  regarded  as  a structured  summary 
of  boating  accident  recovery  data. 

A second  principle  was  that  ARM  must  summarize  the  common  elements  in  accident 
recovery,  while  at  the  same  time  not  sacrificing  important  relationships.  It 
must  be  developed  at  an  appropriate  level  of  generality.  In  any  type  of  model- 
ling or  analysis  problem,  there  is  a trade-off  between  summarization  and  repre- 
senting detail.  At  one  extreme,  the  average  number  of  fatalities  per  accident 
could  be  regarded  as  a model.  Obviously,  this  method  sacrifices  too  much  detail 
for  an  overall  summary.  The  other  extreme  would  be  a detailed  account  of  each 
of  the  accidents  which  occurred,  say  in  1974.  This  alternative  doesn't  sacrifice 
any  details,  but  fails  to  point  out  commonalities  among  accident  recoveries  or 
fatalities.  The  model  was  developed  in  such  a way  as  to  capture  important  rela- 
tionships among  elements  of  the  accident  recovery  system  that  are  common  to  many 
accidents. 

The  third  criterion  for  ARM  was  that  it  must  be  in  a form  which  is  usable  by  the 
Coast  Guard.  This  means  that  events  or  conditions  which  the  Coast  Guard  can  con- 
trol by  regulation,  standards,  or  education  must  aooear  as  elements  of  the  model. 
This  criterion  also  implies  that  the  model  must  make  use  of  existing  accident 

data,  even  though  such  data  are  often  incomplete  and  not  representative  of  the 
population  of  boating  accidents  to  be  modeled. 
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The  ARM  report  is  divided  into  six  subsections.  After  the  introduction.  Section 

2.0  deals  with  the  development  of  the  Accident  Recovery  Model.  This  development 
is  summarized  briefly,  and  the  refinements  that  have  occurred  since  the  conclusion 
of  Phase  I (see  Reference  IV-1 ) of  the  PFD  project  are  highlighted.  Section  3.0 
presents  the  sampling  plan  for  ARM  (how  the  data  were  selected)  and  describes  the 
relationship  between  the  sampling  plan  and  the  weighting  plan  for  the  data.  The 
ARM  data  are  weighted  so  a relatively  small  number  of  victims  in  ARM  can  be  used 
to  represent  a larger  number  of  accident  victims  in  the  real  world.  Next,  Section 

4.0  discusses  the  details  of  the  model,  the  coding  instructions,  the  verification 
process,  and  the  basic  results.  Section  5.0  includes  data  analysis  involving 
combinations  of  variables  relating  to  the  circumstances  associated  with  PFD  use 
and  other  analyses.  This  section  shows  some  of  the  ways  that  ARM  can  be  used  to 
provide  answers  for  questions,  such  as  those  listed  previously.  Then  6.0  presents 
detailed  benefit  calculations  for  several  specific  problems.  The  computations  in 
these  pages  are  the  type  that  might  be  done  in  order  to  analyze  the  effects  of 
proposed  or  existing  Coast  Guard  regulations  or  programs.  Finally,  Section  7.0 
describes  the  conclusions  of  the  ARM  section. 


IV-8 


2.0  ARM  DEVELOPMENT 


2.1  Method 

The  following  pages  review  the  various  types  of  models  and  conceptual  structures 
considered  during  the  development  of  ARM,  culminating  in  the  ARM  discussed  in 
Section  4.0.  For  additional  details  on  previous  versions  of  ARM,  the  reader  is 
referred  to  the  PFD  Phase  I final  report  (Reference  I V-l ) - 

Work  on  the  accident  recovery  problem  began  with  the  consideration  of  the  many 
factors  which  could  affect  the  probability  of  recovery  of  a victim  of  a boating 
accident.  The  term  "victim"  refers  to  anyone  involved  in  the  accident  regard- 
less of  whether  the  person  survived  or  died.  The  first  step  was  the  compilation 
of  a structured  list  of  such  factors.  This  list  considered  three  general  cate- 
gories of  variables:  (1)  environment,  (2)  behavior  and  condition  of  the  victims, 
and  (3)  equipment.  The  latter  two  categories  were  further  subdivided  into  vari- 
ables which  were  pre-existing  or  measurable  well  before  the  accident,  and  short- 
term factors  which  are  measurable  only  at  the  time  of  the  accident  or  afterward. 

It  is  clear  that  accident  recovery  can  be  regarded  as  a time-dependent  probabil- 
istic process.  The  problem  is  complex,  since  the  probabilities  depend  upon  a 
multitude  of  factors  and  since  these  factors  may  not  be  statistically  independent 
or  mutually  exclusive.  Several  types  of  models  were  considered  to  model  the 
recovery  process. 

Fault  trees  and  decision  trees  were  constructed  in  attempts  to  model  the  recovery 
of  a boating  accident  victim  as  a probabilistic  process.  The  advantages  of  these 
approaches  were  that  they  showed  how  the  probability  of  recovery  was  related  to 
measurable  quantities  at  end  nodes  (such  as  the  probability  that  a victim  can 
tread  water),  and  the  strengths  of  interrelationships  (paths  through  the  tree) 
were  indicated  by  merely  counting  the  frequencies  of  occurrence  in  the  data.  The 
problem  with  these  types  of  models  was  that  the  interrelationships  were  deter- 
mined logically  (or  on  the  basis  of  expert  knowledge)  rather  than  empirically. 

In  addition,  if  a decision  at  an  early  node  in  a tree  cannot  be  made,  informa- 
tion for  lower  nodes  (which  may  be  known)  is  lost  because  the  victim  cannot  be 
processed  beyond  the  unknown  decision  point. 

One  large  decision  tree  that  was  developed  was  tested  with  accident  data.  A 
sample  of  accidents  was  processed.  The  pilot  test  of  the  decision  tree  approach 
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showed  that  1)  much  information  was  lost  because  unknowns  were  encountered  at 
early  decision  nodes,  and  2)  there  were  many  victims  who  seemingly  skipped 
around  within  the  tree,  indicating  that  a tree  which  captured  all  possible  inter- 
relationships between  variables  would  have  to  be  immense. 

As  a result,  the  final  version  of  ARM  was  constructed  as  a combination  of  component 
trees  and  a questionnaire.  ARM  organizes  and  summarizes  accident  data.  It  generates 
a structured,  manipulable  data  base.  Oata  are  processed  using  a list  of  questions 
with  coded  responses  and  a collection  of  small  component  trees  which  allow  the 
accident  analyst  to  categorize  a given  victim's  behavior  and  environmental  cir- 
cumstances (boat  condition,  PFD  use,  etc.). 

2.2  Results 

The  Accident  Recovery  Model  consists  of  an  analyst's  guide  (instructions  for 
coding  accidents  and  quality  assurance  procedures)  and  coding  sheets.  These 
materials  were  used  to  code  a sample  of  over  1500  boating  accident  victims  and 
to  generate  the  ARM  data  base.  The  ARM  Analyst's  Guide  is  shown  in  Appendix 
IV-A.  The  coding  sheet  for  ARM  data  is  shown  in  Figure  IV-2.  Each  row  on  the 
coding  sheet  contains  the  coded  information  for  a single  individual  (boating 
accident  victim)  in  ARM.  The  numbers  and  words  across  the  top  of  the  coding 
sheet  indicate  the  variable  number  and  variable  name  in  the  analyst's  guide  for 
that  column  or  columns  on  the  sheet. 

ARM  has  been  expanded  to  include  more  information,  and  some  of  the  instructions  in 
the  analyst's  guide  have  been  modified  since  the  completion  of  Phase  I of  the  PFD 
research  (Reference  IV-1).  Variables  41  through  51  have  been  added  to  ARM.  These 
variables,  in  addition  to  a few  other  changes  in  the  coding  instructions,  will  be 
discussed  in  the  following  paragraphs.  Other  parts  of  the  model  remain  as  they 
were  at  the  conclusion  of  Phase  I.  The  sample  that  was  coded  into  ARM  is  dis- 
cussed in  the  next  section,  and  the  coding  and  verification  methods  are  discussed 
in  Section  4.0.  The  remainder  of  this  section  is  devoted  to  describing  the  new 
aspects  of  the  analyst's  guide  since  the  completion  of  Phase  I.  For  a description 
of  all  of  the  variables  in  ARM  the  reader  is  referred  to  Appendix  IV-A. 
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Venable  41  identifies  whether  the  vessel  for  a particular  victim  had  a known 
hull  identification  number.  This  new  variable,  along  with  variables  42  through 
51,  was  only  coded  for  the  data  processed  in  Phase  II,  and  not  coded  for  acci- 
dents processed  in  Phase  I.  If  the  Federal  Boat  Documentation  Number  was  given, 
then  variable  41  was  coded  as  "known."  The  year  of  manufacture  of  the  boat 
(model  year)  was  coded  as  variable  42. 

The  number  of  PFDs  of  each  type  (type  I,  type  II,  unapproved,  etc.)  that  was  known 

to  have  been  aboard  was  coded  in  variables  43  through  49.  These  data  were  col- 

\ 

lected  in  order  to  provide  information  concerning  the  population  of  PFDs  in 
accidents,  and  to  provide  wear  rate  data  for  different  types  of  PFDs.  (The  type 
that  was  worn,  if  any,  was  coded  in  variable  33.) 

The  type  of  power  and  alcohol  information  were  the  final  two  variables  coded 
(variables  50  and  51).  The  powering  variable  was  included  because  of  its 
relevance  to  ongoing  Coast  Guard  research  in  powering,  and  to  provide  data  on 
the  relationship  of  type  of  power  to  recovery  variables.  Alcohol  was  included 
because  of  its  importance  in  behavior  and  victim's  circumstance  variables. 

With  all  of  the  new  variables,  however,  the  data  are  known  only  for  the  accidents 
coded  in  1977,  and  not  for  the  ARM  accidents  that  were  coded  earlier.  For  all 
of  these  variables,  a large  number  of  unknowns  existed  (from  previously  coded 
accidents)  before  the  current  coding  effort  began. 

A comparison  of  the  ARM  Analyst’s  Guide  found  in  Appendix  IV-A  with  Appendix  I-A 
of  the  final  report  for  Phase  I (Reference  IV-1)  reveals  that  the  instructions  to 
the  data  analysts  have  been  expanded.  The  bulk  of  this  expansion  has  taken  the 
form  of  detailed  explanations  of  what  to  code  in  particularly  difficult  cases.  For 
example,  for  a "hit  by  boat  or  prop"  victim,  what  should  the  analyst  use  for  boat 
length,  the  length  of  the  boat  that  hit  the  victim,  or  the  length  of  the  boat  he 
may  have  fallen  out  of?  The  coding  instructions  (for  variable  12  - Boat  Length  - 
Appendix  IV-A)  state  that  boat  length  would  be  coded  for  the  boat  that  did  the 
hitting  in  this  case.  Examples  of  special  cases  abound  for  almost  every  variable. 
These  cases  have  been  dealt  with  as  they  arose  in  the  data,  and  the  resolution  of 
each  problem  case  became  a part  of  the  instructions. 


A listing  of  the  variables  for  which  the  code  "unknown"  was  not  acceptable,  and 
those  for  which  "not  applicable"  was  acceptable  can  be  found  at  the  end  of  the 
coding  instructions  in  Appendix  IV-A.  The  analyst  must  refer  to  these  lists 
before  using  one  of  these  codes.  Finally,  additional  reference  information  was 
provided  in  the  ARM  Analyst's  Guide  concerning  hull  identification  numbers  and 
PFD  types. 

This  section,  along  with  Appendix  IV-A,  presents  ARM  in  its  current  form.  Suc- 
ceeding sections  discuss  how  the  ARM  accident  sample  was  selected,  how  the  data 
processing  was  accomplished,  and  the  results  of  coding  the  accident  data. 
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3.1  Method 

It  would  have  been  impractical  and  costly  to  have  coded  all  the  accidents  for  a 
given  year  into  ARM.  And  yet,  ARM  is  supposed  to  be  representative  of  a year's 
worth  of  accident  data.  The  solution  was  to  sample  a subset  of  the  accidents  and 
weight  them  (multiply  each  datum  by  a weighting  factor)  in  order  to  make  the  sum- 
mary accident  statistics  for  the  ARM  data  match  the  statistics  for  a typical  year's 
worth  of  data.  Thus,  the  sampling  plan  (the  method  for  selecting  the  accidents 
for  ARM)  and  the  weighting  techniques  (used  to  project  the  sample  to  match  a 
year's  worth  of  data)  are  intimately  related. 

The  first  step  in  setting  up  the  sampling  plan  was  to  determine  the  total  size  of 
the  sample  and  compare  this  to  the  overall  population  it  would  represent.  In 
Phase  I,  477  cases  were  sampled  from  the  Coast  Guard's  files  of  boating  accident 
reports  from  1969  through  1973.  These  cases  were  chosen  according  to  a sampling 
plan  that  attempted  to  match  the  frequency  distribution  of  the  joint  occurrence 
of  particular  boat  types  and  accident  types  in  the  ARM  sample  to  the  fre- 
quency distribution  in  CG-357  (averaged  over  1972-1974).  It  must  be  remembered 
that  the  Phase  I sample  was  selected  in  order  to  demonstrate  ARM  and  related  sta- 
tistical techniques,  and  not  to  provide  a finished  ARM  data  base.  Each  individual 
ARM  victim  was  then  weighted  in  Phase  I,  so  that  the  total  number  of  recoveries 
and  fatalities  after  weighting  would  match  the  Coast  Guard's  statistics.  Since 
the  sampling  was  designed  on  an  accident-by-accident  basis,  and  the  weighting  was 
done  on  individuals,  biases  arose  in  the  data  base  for  Phase  I.  Most  of  the  biases 
were  toward  having  a higher  percentage  of  fatalities  (and,  therefore,  more  severe 
circumstances)  than  would  be  expected  based  upon  CG-357.  The  biases  were  deliber- 
ate, and  were  introduced  in  order  to  adequately  test  ARM.  The  fatal  accidents 
generally  contained  a lot  of  information  and  produced  data  that  were  coded  in  all 
parts  of  the  model.  The  biases  in  the  data  were  evidenced  by  the  individual 
weightings,  ranging  from  1.32  to  137.21.  This  means  that  some  individuals  in  the 
Phase  I sample  represented  1.32  (each)  people  from  the  overall  accident  population, 
while  others  represented  137.21  people.  Reducing  the  biases  and  obtaining  a 
better  overall  sample  (more  representative)  were  the  objectives  of  the  sampling 
plan  and  weighing  plan  for  ARM  in  Phase  II.  Attaining  these  objectives  would 
correspond  to  weights  that  were  relatively  small  and  consistent  (weights  that  did 
not  differ  significantly). 
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The  ARM  data  have  been  sampled  to  be  representative  of  the  Coast  Guard's  year-end 
data  for  1975  (after  the  data  processing  of  Phase  II).  This  year  was  chosen  be- 
cause it  was  the  most  recent  data  available,  and  Coast  Guard  personnel  felt  that 
the  year-end  data  from  1975  were  perhaps  the  most  reliable  available.  The  year- 
end  cata  include  a few  data  points  that  are  processed  after  the  publication  of 
CG-357  for  a given  year.  In  areas  where  boat  type/accident  type  combinations  did 
not  exist  in  the  1975  data  (no  fires  on  sailboats,  for  example),  the  data  for  the 
previous  eight  years  were  averaged  to  generate  a representative  number  for  the  ARM 
data  to  match.  For  this  reason  and  because  of  rounding  errors  the  weighted  ARM  vic- 
tim totals  are  not  whole  numbers.  The  weighted  fatality  total  is  1488.72;*  the 
recovery  total  is  18318.11. 


According  to  the  work  statement  for  Phase  II,  300  accidents  were  to  be  processed 
in  addition  to  those  coded  in  Phase  I.  These  accidents  were  chosen  to  include 
recoveries  and  fatalities  in  numbers  that  would  reduce  the  weights  needed  to 
match  the  Coast  Guard  data  (thereby  assuring  representativeness)  ano  make  the 
various  weights  be  of  the  same  magnitude  (thereby  eliminating  biases  on  the  vari- 
ables used  for  weighting).  Since  the  fatal  accidents  are  those  with  the  greatest 
potential  for  benefits,  and  provide  more  information,  in  general,  than  nonfatal 
accidents,  fatalities  were  arbitrarily  assigned  a criterion  weight  of  10  or  less, 
while  a criterion  weight  of  20  or  less  was  assigned  to  recoveries.  This  means 
that  the  sample  was  to  be  chosen  so  that  after  the  Phase  II  and  Phase  I data  were 
combined,  no  fatality  in  ARM  would  represent  more  than  10  fatalities  in  the  Coast 
Guard's  year-end  data  for  1975.  Similarly,  no  recovery  in  ARM  would  represent 
more  than  20  recoveries  in  the  year-end  data.  These  criteria  were  chosen  because 
they  were  obtainable  with  the  sample  size  of  300  accidents,  and  the  data  for 
fatalities  were  considered  to  have  greater  potential  for  generating  data  that 
could  lead  to  significant  safety  measures  (thus,  a lower  criterion  weight  was  set 
for  fatalities  than  for  recoveries). 


* This  figure  is  less  than  the  1975  year-end.  Master  File  fatality  total 
used  in  Sections  V,  VI  and  VII  because  of  accident  data  added  to  the 
Coast  Guard  files  after  the  ARM  weights  were  calculated.  The  1975 
CG-357  fatality  total  also  differs  from  these  numbers  as  a result  of 
when  it  was  compiled. 
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The  Phase  I ARM  data  were  tabled  according  to  boat  type  crossed  with  accident 
type,  for  recoveries  and  fatalities.  These  data  were  then  compared  with  the 
numbers  that  would  be  required  in  order  to  have  the  desired  weighting.  For 
example,  if  the  Coast  Guard's  year-end  data  for  1975  showed  41  fatalities  for 
cabin  cruisers  and  houseboats  in  capsi zings  and  swampings,  then,  for  each  ARM 
victim  to  represent  no  more  than  10  of  the  41,  there  would  have  to  be  at  least 
five  ARM  fatalities  involving  cabin  cruisers  and  houseboats  in  capsizings  and 
swampings  (41  * 5 < 10).  In  fact,  the  ARM  data  from  Phase  I included  seven 
fatalities  in  this  set  of  circumstances.  Thus,  the  sampling  plan  for  Phase  II 
required  no  additional  fatalities  to  be  sampled  for  cabin  cruisers  and  houseboats 
in  capsizings  and  swampings.  Similar  calculations  were  made  for  all  combinations 
of  boat  type,  accident  type,  and  outcome  (recovery  versus  fatality).  The  results 
constituted  the  sampling  plan  for  Phase  II,  and  are  shown  in  Tables  IV-1  and  IV-2. 
Each  entry  in  these  tables  is  the  number  of  fatalities  or  recoveries  needed  in 
the  Phase  II  sample  in  order  to  satisfy  the  criteria  described  previously.  Obtain- 
ing more  than  the  needed  number  in  any  cell  of  the  tables  would  result  in  an  even 
lower  weight  for  that  cell,  thereby  increasing  its  representativeness.  Tables 
IV- 3 and  IV-4  represent  the  data  that  the  ARM  data  are  weighted  to  match.  The 
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numbers  are  decimals  because  the  Coast  Guard  data  contained  unknowns,  which  were 
redistributed  assuming  the  distribution  of  the  known  data.  This  was  done  so  the 
total  number  of  fatalities  and  recoveries  in  ARM  would  match  the  Coast  Guard  data, 
including  those  that  were  unknown  for  accident  type  and  for  boat  type  In  the  Coast 
Guard  data. 

Over  99%  of  the  data  included  in  Phase  I were  sampled  from  years  prior  to  1975. 

To  avoid  coding  any  of  those  accidents  again  in  Phase  II,  the  accidents  were 
sampled  from  the  1975,  1976,  and  1977  files.  These  accidents  were  sampled  from 
all  geographic  regions  until  the  required  numbers  of  fatalities  and  recoveries 
for  various  boat  type/accident  type  combinations  were  obtained.  This  was 
accomplished  with  less  than  300  accidents.  The  remainder  were  sampled  randomly. 

Some  additional  explanation  is  required  for  parts  of  Table  IV-4.  For  all  accidents 


types  except  falls  overboard,  hit  by  the  boat  or  prop,  and  some  "other,"  the  total 
number  of  recoveries  in  the  Coast  Guard  data  (or  in  ARM)  was  found  by  subtracting 
the  number  of  fatalities  from  the  number  of  people  on  board.  This  is  because  for 


TABLE  IV-1.  NUMBER  OF  FATALITIES  NEEDED  TO  MATCH 
CG  DATA  WITH  ALL  FATALITY  WEIGHTS  LESS  THAN  10 
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NOTE:  Cells  labelled  "OK"  are  those  where  the  ARM  sample  from  Phase  I was 
large  enough  to  guarantee  a weight  less  than  10.  Cells  labelled 
"empty"  are  those  where  there  have  been  no  deaths  reported  to  the 
Coast  Guard  in  the  last  eight  years. 


TABLE  IV-2.  NUMBER  OF  RECOVERIES  NEEDED  TO  MATCH 
CG  DATA  WITH  ALL  RECOVERY  WEIGHTS  LESS  THAN  20 
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Open  Power 

24 

181 

OK 

13 

OK 

38 

Cabin  Motorboat/ 
Houseboat 

8 

85 

1 

11 

1 

10 

Sail /Auxiliary  Sail 

6 

72 

OK 

OK 

1 

6 

Canoe/Kayak 

3 

2 

1 

Empty 

Empty 

1 

Other 

2 

5 

3 

2 

1 

2 

NOTE:  Cells  labelled  "OK"  are  those  where  the  ARM  sample  from  Phase 
large  enough  to  guarantee  a weight  less  than  20. 


was 


* Inflatable  boats  are  Included  In  the  boat  type  category  "other"  in  these  tables 
and  elsewhere  In  Section  IV,  unless  otherwise  stated. 
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TABLE  I V- 3 . FATALITY  DATA  TO  BE  MATCHED  BY  WEIGHTED  ARM  DATA 


ACCIDENT 

TYPE 

BOAT  TYPE 

CAPS I ZINGS/ 
SWAMPINGS 

COLLISIONS/ 

GROUNDINGS 

FALLS 

OVERBOARD 

FIRE/ 

EXPLOSIONS 

HIT  BY  BOAT 
OR  PROP 

OTHER 

Open  Manual 

Open  Power 

Cabin  Motorboat/ 

Houseboat 

Sail /Auxiliary  Sail 

Canoe/ Kayak 

Other 

3.44 

142.96 

19.56 

5.66 

12.61 

11.56 

32.37 

232.76 

37.19 

21.66 

5.77 

19.79 

0.13 

13.58 

0.50 

1.14 

0.00 

1.17 

8.54 

41.74 

16.33 

15.46 

15 . 63 i 

10.95 

NOTE:  Those  cells  with  entries  less  than  one  represent  the  average  number  of 
fatalities  in  the  cell  over  the  last  eight  years.  The  other  entries 
are  for  the  Coast  Guard's  year  end  data  from  1975. 


TABLE  IV-4.  RECOVERY  DATA  TO  BE  MATCHED  BY  WEIGHTED  ARM  DATA 


ACCIDENT 

TYPE 

BOAT  TYPE 

CAPSIZINGS/ 

SWAMPINGS 

COLLISIONS/ 

GROUNDINGS 

FALLS 

OVERBOARD 

FIRE/ 

EXPLOSIONS 

HIT  BY  BOAT 

OR  PROP 

OTHER 

Open  Manual 

Open  Power 

Cabin  Motorboat/ 

Houseboat 

Sail /Auxiliary  Saiil 
Canoe/Kayak 

Other 

106.41 

1561.74 

416.87 

164.21 

135.85 

148.70 

104.35 

7109.87 

3510.75 

2255.68 

85.13 

187.75 

14.96 

453.10 

125.82 

23.37 

16.96 

57.19 

3.14 

684.91 

639.07 

25.53 

0.00 

48.92 

I- 

12.13 

934.13 

239.44 

131.33 

1.88 

31.67 

collisions,  capsizlngs,  swampings,  fires,  and  the  like,  everyone  on  board  is  a 
victim  of  the  accident  (l.e.,  everyone  Is  a participant  and  subjected  to  risk). 

For  falls  overboard,  hit  by  the  boat  or  prop,  and  some  "other"  accidents,  not 
all  of  the  people  on  board  are  participants.  Many  people  on  boats  In  these 
types  of  accidents  are  merely  witnesses  and  are  never  subjected  to  any  risk. 

They  are  not  considered  as  boating  accident  recoveries  In  ARM,  since  they  had  no 
accident  from  which  to  recover.  Therefore,  the  formula  of  people  on  board  minus 
fatalities  will  not  generate  the  number  of  recoveries  for  these  accident  types. 

The  Coast  Guard  data  for  these  accident  types  contain  only  the  number  of  fatalities 
and  the  number  of  people  on  board,  but  not  the  number  of  people  actually  involved 
in  the  accident.  This  makes  an  accurate  estimate  of  the  total  number  of  recoveries 
in  these  accidents  Impossible  based  upon  these  data  alone. 

For  hit  by  the  boat  or  prop,  it  Is  very  rare  that  one  vessel  hits  more  than  one 
person  in  the  water.  Over  the  past  five  years,  the  sum  of  the  number  of  fatali- 
ties from  hit  by  the  boat  or  prop  equals  the  sum  of  the  number  of  boats  involved 
In  fatal  accidents  of  that  type,  indicating  a strong  one-to-one  relationship. 

Thus,  the  number  of  vessels  involved  In  nonfatal  hit  by  the  boat  or  prop  accidents 
was  used  as  an  estimate  of  the  number  of  recoveries  In  those  accidents. 

The  problem  of  estimating  recoveries  is  not  as  easily  solved  for  falls  overboard 
and  "other"  accidents.  For  falls  overboard,  there  are  more  fatalities  than  boats 
In  the  Coast  Guard  data.  This  indicates  that  frequently  more  than  one  person  per 
boat  Is  falllnq  overboard,  but  It  Is  Impossible  to  know  how  many  from  these  data. 
What  is  known  Is  how  many  die. 

Several  methods  of  estimating  recoveries  for  falls  overboard  and  "other"  accident 
types  were  Investigated.  However,  all  of  these  methods  suffered  from  the  fact 
that  the  ARM  sample  sizes  In  these  accident  types  would  be  relatively  small,  and 
when  the  data  were  weighted  to  match  a full  year's  data,  there  would  be  no  yard- 
stick In  the  Coast  Guard  data  base  for  comparison.  The  weighting  method  that 
was  Implemented  was  to  use  "people  on  board  minus  fatalities"  as  the  criterion  to 
be  matched.  That  Is,  for  each  boat  type  classification,  the  associated  recovery 
weight  was  calculated  as 


(Total  people  on  board  boats  involved  In  reported  falls 
overboard  acldents)  - (Total  reported  falls  overboard  fatalities) 

(Total  people  on  board  boats  Involved  in  ARM-sampled  falls 
overboard  accidents)  - (Total  ARM-sampled  falls  overboard  fatalities) 

For  example,  for  open  power  boats  involved  in  falls  overboard,  there  were  27 
fatalities  and  80  people  on  board  in  the  ARM  sample.  The  corresponding  numbers 
(adjusting  for  "unknowns")  in  the  Coast  Guard  data  base  of  reported  accidents 
were  232.76  fatalities  and  685.86  people  on  board.  The  recovery  weight  for  this 
category  is,  therefore, 

80^27 8’55 

This  method  is  essentially  the  same  one  as  was  used  for  all  the  other  accident 
types  except  "hit  by  boat  or  prop."  It  assumes  that  the  percentage  of  the  sur- 
viving people  on  board  who  were  actually  Involved  In  the  accident  is  the  same  in 
the  whole  population,  as  it  is  in  our  sample.  It  should  be  realized  that  the 
resulting  estimates  for  recoveries  in  these  accident  types  are  rough  estimates  at 
best. 

In  summary,  accidents  were  to  be  sampled  for  Phase  II  such  that  the  desired  num- 
bers of  fatalities  and  recoveries  shown  in  Tables  IV-1  and  IV-2  were  included  in 
the  sample.  This  would  insure  that  criteria  for  weighting  the  data  would  be  met. 

3.2  Results 

Over  three  thousand  boating  accident  reports  were  screened  in  order  to  select  the 
three  hundred  for  processing  in  Phase  II.  To  assure  geographic  representative- 
ness, every  tenth  accident  report  was  read  and  screened  from  the  entire  Coast 
Guard  files  for  1975.  Then  the  files  were  re-examined  accident  by  accident  in 
order  to  find  the  elements  of  the  sampling  plan  which  were  not  completed  in  the 
initial  screening.  A total  of  approximately  210  accidents  were  selected  which 
satisfied  most  of  the  elements  of  the  sampling  plan.  Later,  an  additional  sample 
of  accidents  was  selected  from  the  1976  and  1977  data  to  bring  the  total  sample 
size  to  300  accidents. 

Tables  IV-5  and  IV-6  below  show  the  numbers  of  recoveries  and  fatalities  In  the 
ARM  data  (unweighted)  for  each  combination  of  accident  type  and  boat  type  after 
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TABLE  IV-5.  TOTAL  FATALITIES  (UNWEIGHTED)  IN  ARM  DATA  BASE 


ACCIDENT 

TYPE 

BOAT  TYPE  N. 

CAPSIZINGS/ 

SWAMPINGS 

COLLISIONS/ 

GROUNDINGS 

FALLS 

OVERBOARD 

FIRE/ 

EXPLOSIONS 

HIT  BY  BOAT 

OR  PROP 

OTHER 

Open  Manual 

13 

1 

4 

0 

0 

3 

Open  Power 

50 

64 

27 

5 

2 

10 

Cabin  Motorboats/ 

q 

7 

n 

7 

Houseooats 

Sail /Auxiliary  Sail 

7 

3 

3 

i 

0 

3 

Canoe/ Kayak 

17 

1 

1 

0 

0 

0 

Other 

10 

3 

3 

0 

1 

2 

TABLE  IV-6.  TOTAL  RECOVERIES  (UNWEIGHTED)  IN  ARM  DATA  BASE 


CAPSIZINGS/ 

SWAMPINGS 

COLLISIONS/ 

GROUNDINGS 

FALLS 

OVERBOARD 

FIRE/ 

EXPLOSIONS 

HIT  BY  BOAT 
OR  PROP 

OTHER 

14 

10 

5(9) 

0 

0 

0(3) 

81 

435 

28(80) 

29 

16 

41(89) 

48 

196 

3(24) 

26 

0 

9(34) 

6 

189 

2(7) 

9 

0 

5(8) 

26 

5 

0(3) 

0 

0 

0(0) 

11 

28 

2(16) 

1 

1 

2(4) 

ACCIDENT 

TYPE 


BOAT  TYPE 


Open  Manual 

Open  Power 

Cabin  Motorboats/ 
Houseboats 

Sail /Auxiliary  Sail 

Canoe/ Kayak 

Other 


NOTE:  The  numbers  in  parentheses  are  the  total  people  on  board  in  the  indi- 
cated combinations  of  boat  type  and  accident  type. 
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the  data  from  Phase  I and  Phase  II  were  combined.  The  numbers  in  the  parentheses 
in  the  recovery  table  are  the  people  on  board  for  those  cells.  Recall  from  the 
previous  discussion  that  people  on  board  minus  fatalities  was  used  to  determine 
the  weights  in  these  cells.  The  recoveries  in  these  cells  (the  numbers  outside 
the  parentheses)  were  to  be  multiplied  by  the  weights.  Note  that  for  some  cells 
(falls  overboard  involving  open  power  boats,  for  example)  the  number  of  fatali- 
ties (27)  plus  the  number  of  recoveries  (28)  is  less  than  the  total  people  on 
board  (80).  This  demonstrates  that  not  all  people  on  board  were  involved  in  the 
accidents  (in  this  case,  25  people  were  on  board  open  power  boats  in  falls  over- 
board, but  never  became  involved  in  the  accidents). 

The  data  in  these  tables  and  Tables  IV-3  and  IV-4  were  used  to  generate  the 
weights  for  the  ARM  data.  The  fatality  weights  were  determined  by  dividing  the 
number  of  fatalities  in  the  Coast  Guard  year-end  data  for  1975  for  a particular 
combination  of  boat  type  and  accident  type  (from  Table  IV-3)  by  the  number  of 
fatalities  in  the  same  cell  for  the  ARM  data  (from  Table  IV-5).  For  example, 
there  are  41.74  fatalities  in  Table  IV-3  for  open  power  boats  in  "other"  acci- 
("ints,  and  there  are  10  fatalities  (unweighted)  in  ARM  in  this  cell,  as  shown  in 
able  IV-5.  The  fatality  weight  for  these  10  is  calculated  by  dividing: 

41.74  10  * 4.17.  The  fatality  weights  are  presented  cell  by  cell  in  Table  IV-7. 

Inspection  of  Table  IV-7  reveals  that  the  goal  of  the  sampling  plan  with  respect 
to  fatalities  (having  all  fatality  weights  less  than  10)  was  nearly  achieved.  The 
exceptions  to  this  statement  were  those  cells  where  the  Coast  Guard  data  indicated 
fatalities  did  occur,  but  none,  or  not  enough,  were  sampled  in  the  ARM  data.  In 
order  to  eliminate  the  exceptions  (the  starred  cells  and  those  with  fatality 
weights  greater  than  10),  the  entire  Coast  Guard  data  base  would  have  to  be  searched 
to  find  the  unusual  accidents  which  fit  those  categories.  This  could  have  been 
accomplished  through  a complete  scan  of  the  Coast  Guard's  Master  File  data  base 
to  locate  the  states,  dates  and  serial  numbers  of  these  accidents  and  subsequently 
locating  the  full  accident  reports  In  the  Coast  Guard  files.  Time  constraints 
prevented  accomplishing  this. 

Recovery  weights  Involve  more  complicated  calculations.  For  all  accident  types 
except  falls  overboard,  hit  by  the  boat  or  prop,  and  "other,"  the  total  people 
on  board  minus  the  fatalities  In  the  Coast  Guard  data  for  a given  combination  of 
accident  type  and  boat  type,  divided  by  the  total  people  on  board  minus  fatalities 


TABLE  I V- 7 . ARM  FATALITY  WEIGHTS 


V 

t r>  oo 

o CO 

z z 

00  OO 

z CO 
o z 

OO 

h— 

< 

o a- 
CO  o 

\ ACCIDENT 

FALLS 

JVERBOARI 

o 

^^TYPE 

IVI  Q_ 

C/>  O 

*-«  z 

UJ  OO 

oc  o 

>-  a. 

CO 

UJ 

X 

Cl.  3 

C OO 

_l  o 

O ac 
<o  CO 

u.  a. 

X 

t—  o 

o 

BOAT  TYPE 

Open  Manual 

7.98 

3.44 

8.09 

1 

ffl 

2.85 

Open  Power 

8.40 

2.23 

8.62 

nrs 

iss 

4.17 

Cabin  Motorboats/ 
Houseboat 

4.55 

1.22 

9.30 

0.59 

0.00* 

2.33 

Sail /Auxiliary  Sail 

6.10 

1.89 

7.22 

0.13 

0.00* 

5.15 

Canoe/Kayak 

8.03 

12.61 

5.77 

0.00 

0.00 

0.00* 

Other 

8.04 

3.85 

6.60 

0.00* 

1.17 

5.48 

*NOTE:  For  these  cells,  the  Coast  Guard  data  indicate  that  fatalities  exist, 
but  none  were  sampled  in  the  ARM  data  base. 


TABLE  IV-8.  ARM  RECOVERY  WEIGHTS 


ACCIDENT 

^^TYPE 

BOAT  TYPE 

CAPS I ZINGS/ 
SWAMPINGS 

COLLISIONS/ 

GROUNDINGS 

FALLS 

OVERBOARD 

FIRE/ 

EXPLOSIONS 

HIT  BY  BOAT 

OR  PROP 

OTHER 

Open  Manual 

Open  Power 

Cabin  Motorboat/ 
Houseboat 

Sail/Auxil iary  Sail 

Canoe/ Kayak 

Other 

7.60 

19.28 

8.68 

27.36 

5.23 

13.52 

1 ' : 

2.99 

8.55 

6.29 

5.84 

8.48 

4.40 

0.00* 

23.62 

24.58 

2.84 

0.00 

48.92 

0.00* 

6.62” 

0.00* 

0.00* 

0.00 

6.83 

0.00* 

11.82 

8.87 

26.39 

0.00* 

15.84 

*N0TE:  For  these  cells,  the  Coast  Guard  data  indicate  that  recoveries  exist, 
but  none  were  sampled  in  the  ARM  data  base. 
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in  the  ARM  data,  determine  the  recovery  weights  shown  in  Table  IV-8.  For  exam- 
ple, Table  IV-4  shows  106.41  recoveries  in  the  Coast  Guard  data  for  capsizings/ 
swampings  involving  open  manual  boats.  Table  IV-6  shows  14  recoveries  in  ARM  for 
that  cell.  The  recovery  weight  for  that  cell  is  106.41  * 14  = 7.60,  as  shown  in 
Table  IV-8.  For  hit  by  the  boat  or  prop,  the  entries  in  Table  IV-4  were  again 
divided  by  the  corresponding  entries  in  Table  IV-6  to  generate  the  recovery 
weights  in  Table  IV-8,  but  the  entries  in  Table  IV-4  were  the  number  of  boats  of 
each  type  involved  in  nonfatal  accidents  of  this  type,  as  explained  previously. 

For  falls  overboard  and  "other"  accidents,  the  ratio  of  people  on  board  minus 
fatalities  for  the  Coast  Guard  data  to  the  same  quantity  in  the  ARM  data  is  used, 
cell  by  cell,  to  generate  the  weights  in  Table  IV-8  for  those  accident  types,  but 
the  weights  are  only  applied  to  the  actual  recoveries  in  ARM  (the  numbers  outside 
the  parentheses  in  Table  IV-6). 

i 

Table  IV-8  reveals  that  the  sampling  criteria  for  recoveries  were  met  for  25  of 
the  36  cells.  The  weights  exceeded  20  in  five  cells  because  not  enough  recoveries 
were  located  and  sampled.  This  was  particularly  a problem  for  fires  and  explo- 
sions. However,  for  four  of  those  five  cells,  the  weights  were  in  the  twenties 
(close  to  criterion),  and  none  of  the  weights  were  as  large  as  they  had  been  in 
Phase  I (where  recovery  weights  reached  a maximum  of  137.21).  For  six  cells,  no 
recoveries  were  sampled  in  ARM,  but  the  Coast  Guard  year-end  data  indicated  that 
recoveries  existed.  A weighting  of  zero  was  assigned  to  these  cells. 

In  order  to  get  all  recovery  weights  under  20,  and  in  order  to  get  non-zero  recov- 
ery weights  for  the  starred  cells,  the  entire  Coast  Guard  data  base  would  have  to 
be  scanned,  as  described  above,  to  find  the  accidents  which  fit  those  categories. 

A total  of  1,513*  individuals  are  included  in  the  overall  ARM  sample  representing 
19,814*  boating  accident  victims.  The  sample  includes  1,229  recoveries  and  277 
fatalities,  representing  an  estimated  18,318  recoveries  and  1,489  fatalities  (per 
year)  in  the  boating  accident  population.  This  makes  the  overall  probability  of 
recovery  in  ARM  0.925  (*  18,318  * 19,807). 


* These  totals  include  seven  (unweighted)  victims  for  which  the  outcome  (recov 
ery  or  fatality)  was  coded  as  unknown  or  not  applicable. 


The  weighting  allows  the  ARM  data  to  be  projected  as  a representation  of  all 
boating  accidents.  ON  THE  AVERAGE,  EACH  RECOVERY  IN  ARM  REPRESENTS  APPROXIMATELY 
14.90  RECOVERIES  AND  EACH  FATALITY  IN  ARM  REPRESENTS  APPROXIMATELY  5.38  FATALITIES 
IN  THE  REPORTED  BOATING  ACCIDENT  POPULATION.  OVERALL,  ON  AVERAGE,  EACH  ARM  VICTIM 
REPRESENTS  APPROXIMATELY  13.10  REPORTED  BOATING  ACCIDENT  VICTIMS. 

Further  indications  of  the  representativeness  of  the  ARM  data  will  be  presented  in 
the  next  section,  which  discusses  the  coding  and  verification  process,  and  presents 
the  basic  results  of  the  ARM  coding. 


4.0  DATA  PROCESSING 


4.1  Method 

The  300  accidents  to  be  coded  were  grouped  into  batches  of  approximately  fifty 
accidents  per  batch.  Two  analysts  were  assigned  to  each  batch  to  code  the  acci- 
dents independently  using  coding  sheets  (such  as  in  Figure  IV-2)  and  according 
to  the  instructions  found  in  the  ARM  Analyst's  Guide  (Appendix  IV-A).  Senior 
project  personnel  were  available  to  help  the  analysts  with  coding  problems  and 
the  interpretation  of  the  coding  instructions.  Once  all  the  accidents  from  a 
given  batch  were  coded  by  both  analysts,  the  data  on  the  coding  sheets  were  key- 
punched onto  computer  cards,  independently  for  each  analyst.  A computer  program 
was  then  used  to  compare  the  two  sets  of  coded  data  and  check  for  discrepancies. 
The  discrepancies  were  then  resolved  by  a third  analyst,  who  read  the  same  acci- 
dent reports  and  identified  the  correct  codes  for  variables  where  disagreement 
occurred  between  the  first  two  analysts.  The  third  analyst  also  verified  all 
codes  for  the  two  sets  of  coded  data,  consulting  with  the  two  original  coders 
and  senior  project  personnel  as  needed.  The  third  analyst  made  written  correc- 
tions to  each  of  the  two  sets  of  coded  data  and  returned  them  to  have  the  correc 
tions  keypunched.  The  coded  decks  of  computer  cards  were  compared  again.  The 
process  was  repeated  until  the  two  sets  of  data  were  identical.  At  this  point, 
senior  project  personnel  selected  a small  sample  of  accidents  (approximately  10 
percent  of  the  batch)  and  verified  them,  to  insure  that  no  errors  or  misinterpre 
tation  of  the  instructions  had  occurred.  If  problems  with  the  codings  were 
found  by  the  project  leaders,  then  these  problems  were  discussed  with  all  ARM 
analysts  to  make  sure  that  future  data  processing  was  performed  correctly.  The 
only  way  that  an  error  in  keypunching  or  primary  codinq  could  have  survived  this 
system  would  be  if  the  same  mistake  were  made  simultaneously  and  independently 
by  more  than  one  person  on  the  same  accident.  The  coding  and  verification  pro- 
cess can  be  conceived  in  the  form  of  the  flowchart  shown  in  Figure  IV- 3.  The 
process  depicted  in  the  flowchart  was  repeated  until  all  300  accidents  had  been 
coded  and  verified. 

Coding  the  accidents  for  ARM  was  far  from  a trivial  exercise.  Although  ARM  is  a 
general  model,  some  of  the  more  unusual  accidents  that  were  coded  created  diffi- 
cult coding  problems.  The  coding  of  these  accidents  often  resulted  in  the  amend 
ment  of  the  ARM  Analyst's  Guide  by  expanding  the  instructions  to  include  special 
cases. 
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FIGURE  IV-3.  ARM  COOING  AND  VERIFICATION  PROCEDURES 
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4.2  Results 


This  section  presents  the  weighted  ARM  data  for  many  of  the  51  variables  in  the 
model.  Several  of  the  first  tables  include  data  from  CG-357  for  1975  to  show 
the  representativeness  of  the  ARM  data.  Later  tables  include  data  for  issues 
related  to  PFDs,  as  well  as  other  Coast  Guard  programs. 

4.2.1  Results:  Representativeness  of  ARM  Data 

Figure  IV-4  shows  the  ARM  accidents  and  overall  accidents  (from  CG-357)  for  each 
of  four  geographic  regions.  The  distribution  of  the  ARM  victims  differs  somewhat 
from  the  distribution  of  accidents  in  the  Coast  Guard  data.  Of  course,  the  ARM 
data  were  sampled  according  to  criteria  other  than  geographic  location,  as  out- 
lined in  Section  3.0. 


FIGURE  IV-4.  ACCIDENTS  BY  GEOGRAPHIC  REGION  FOR  1975  AND  ARM 


Distributions  of  the  ARM  victims  by  month  and  time  of  day  for  their  accidents  are 
shown  in  Figures  IV-5  and  IV-6,  respectively.  Figure  IV-5  shows  that  the  peak 
month  for  ARM  victims  is  June.  This  corresponds  to  the  peak  month  for  vessels 
involved  In  fatal  accidents  in  1975  (see  (CG-357  for  1975).  The  ARM  data  for 
time  of  day  (see  Figure  IV-6)  correspond  well  with  the  Coast  Guard  data. 

Figure  IV-7  shows  that  the  ages  of  the  boats  in  the  ARM  sample  (as  shown  by 
the  year  of  manufacture  of  the  boat)  match  well  with  similar  data  from  CG-357 
for  1975. 


4.2.2  Results:  Basic  Tabulations 

What  follows  is  a sequence  of  tables,  each  summarizing  the  basic  data  in  ARM  for 
a particular  variable.  These  tables  are  grouped  to  unify  the  discussion  of  Issues 
that  relate  to  several  variables.  There  are  19,814  victims  in  ARM  (weighted)  with 
an  overall  probability  of  recovery  of  0.925.  Note  that,  as  described  on  pg.  IV-3, 
this  probability  is  based  on  reported  accidents  and  thus  may  be  biased. 

ARM  victims  are  tabulated  by  the  year  of  their  accidents  in  Table  IV-9.  These 
figures  reveal  that  nearly  half  of  the  ARM  victims  were  from  1975  accidents,  and 
the  remainder  were  from  accidents  from  1969  to  1977. 


TABLE  IV-9.  ARM  DATA  (VICTIM)  BY  YEAR  OF  OCCURRENCE  OF  ACCIDENT 


YEAR  OF  OCCL 

JRRENCE  OF  ACC] 

DENTS 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

Percent  of  Total 
Victims  in  ARM 

H 

10.9 

B 

14.5 

0.8 

47.5 

5.3 

5.8 

Several  variables  related  directly  to  the  availability  and  use  of  PFDs,  but  many 
of  these  suffer  from  a lack  of  data.  For  "Number  of  PFDs  On  Board,"  the  variable 
was  unknown  for  over  82  percent  of  the  victims.  Raking  the  distribution  of  the 
remaining  18  percent  almost  meaningless,  althoug.%  there  is  a trend  for  the  proba- 
bility of  recovery  to  Increase  with  more  PFDs  on  board  In  the  known  data. 

The  "PFD  Availability  and  Use"  variable  (see  variable  30  in  Appendix  IV-A)  codes 
the  relationship  between  an  individual  and  his  or  her  PFD  or  lack  of  PFD.  This 
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Coast  Guard  Data:  Vessels  Involved  in  all  Accidents 


ARM:  People  Involved  in  ARM  Accidents 


MONTH 


Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 

FIGURE  IV-5.  MONTH  OF  OCCURRENCE  FOR  COAST  GUARD  AND  ARM  DATA 
— — — Coast  Guard  Data:  Vessels  Involved  in  All  Accidents 
“ ARM:  People  Involved  in  ARM  Accidents 


TIME  OF  DAY 


Mdnt  2am  4am  6am  8am  10am  Noon  2pm  4pm  6pm  8pm  10pm 
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FIGURE  IV-6.  TIME  OF  DAY  OF  ACCIDENT  FOR  COAST  GUARD  AND  ARM  DATA 


Coast  Guard  Data:  Vessels  Involved  In  Accidents 


1971-77  66-70  61-65  56-60  51-55  41-50  Prior  t0  '41 

FIGURE  IV- 7 . YEAR  OF  MANUFACTURE  OF  BOAT 
FOR  COAST  GUARD  AND  ARM  DATA 

variable  was  unknown  for  29.9  percent  of  the  ARM  victims.  For  those  for  whom 
"PFD  Availability  and  Use"  was  known,  approximately  17  percent  used  a PFD  (wore 
one,  held  one,  or  donned  one).  The  probability  of  recovery  for  the  PFD  users  is 
0.914.  The  probability  of  recovery  for  known  PFD  non-users  is  0.911.  For  the 
unknowns,  the  probability  of  recovery  is  0.962.  The  last  group  probably  includes 
many  victims  from  nonfatal  accidents,  where  the  information  was  sketchy.  Typi- 
cally,  if  PFD  use  is  known  for  anyone,  it  is  more  likely  to  be  known  for  the 
fatality  than  for  any  other  accident  victim.  This  tends  to  hold  the  probability 
of  recovery  down  for  both  known  groups.  These  and  other  problems  create  serious 
difficulties  in  benefit  estimations,  which  are  dealt  with  later  in  Section  6.0. 

For  "Time  Until  PFD  Donned  or  Removed"  (see  variable  31  in  Appendix  IV-A),  over 
two-thirds  (68%)  of  the  cases  were  not  applicable  since  the  victim  did  not  use 
a PFD.  Another  28%  were  coded  unknown  (many  of  these  were  unknown  for  "PFD 
Availability  and  Use").  Thus  the  known  and  useful  data  come  from  only  four  per- 
cent of  the  ARM  sample.  The  sample  size  is  too  small  to  allow  any  conclusions 
to  be  drawn. 
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Approximately  80  percent  of  the  ARM  victims  were  on  boats  with  a sufficient 
number  of  PFDs  aboard.  About  six  percent  were  on  boats  that  were  known  to  not 
have  a sufficient  number  of  PFDs,  while  for  14  percent  of  the  victims,  this  infor- 
mation was  unknown.  The  probability  of  recovery  was  0.939  for  those  with  suffi- 
cient PFDs,  0.708  for  those  without,  and  0.926  for  the  unknowns.  Obviously, 
those  with  sufficient  PFDs  aboard  had  a much  better  chance  for  survival  than 
those  without. 

For  78.5%  of  the  ARM  victims,  the  type  of  PFD  (see  variable  33  in  Appendix  IV-A) 
was  either  unknown  or  not  applicable  (no  PFD).  A total  of  8.4  fatalities  were 
found  to  have  used  non-approved  devices.  However,  no  survivors  were  coded  as 
using  non-approved  devices  so  the  sample  size  is  extremely  small.  For  each 
specific  type  of  PFD,  the  percentage  of  known  users  was  less  than  one  percent, 
although  over  3,500  people  were  projected  to  have  used  Coast  Guard-approved 
PFDs  of  unknown  type. 

In  the  entire  ARM  sample,  only  13  people  are  projected  to  have  experienced  a PFD 
malfunction,  and  nine  of  them  survived.  For  the  known  PFD  users  in  ARM,  the 
reliability  of  the  PFDs  was  over  99.7  percent  (assuming  no  malfunction  unless  it 
was  mentioned  in  the  boating  accident  report).  Similarly,  only  55  of  the  pro- 
jected 19,814  ARM  victims  were  known  to  have  used  a PFD  improperly  (0.3  percent), 
and  28  of  those  were  recoveries,  while  27  died. 

The  final  seven  PFD  variables  included  the  number  of  PFDs  on  board  of  each  type.- 
These  variables  were  known  for  less  than  two  percent  of  the  victims  coded  in  ARM. 
(They  were  not  coded  for  Phase  I data  - 32  percent  of  the  ARM  data.)  Thus,  the 
results  on  these  variables  are  known  for  very  small  sample  sizes,  and  are  not 
presented. 

Several  variables  were  included  In  ARM  which  pertain  primarily  to  the  people 
Involved  In  the  accidents.  Table  IV-10  lists  the  number  of  victims  In  ARM  from 
boats  with  varying  numbers  of  people  on  board,  and  their  corresponding  probabili- 
ties of  recovery.  In  general,  there  Is  a trend  In  the  table  for  the  probability 
of  recovery  to  Increase  with  more  people  on  board,  and  the  probability  of  recovery 
Is  relatively  low  for  one  or  two  people  on  board.  The  recovery  data  are  related 
to  boat  size,  boat  type,  activity,  and  other  variables  that  are  highly  correlated 
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with  number  of  people  on  board.  Correlations  and  similar  phenomena  in  the  data 
are  discussed  in  greater  detail  in  Section  6.0. 


TABLE  IV-10.  PEOPLE  ON  BOARD 


NUMBER  OF 

PEOPLE  ON  BOARD 

NUMBER  OF 
VICTIMS  IN  ARM 

PROBABILITY  OF 
RECOVERY* 

1 

724 

0.747 

2 

3,696 

0.853 

3 

4,036 

0.901 

4 

4,363 

0.955 

5 

1,863 

0.969 

6 

1,680 

0.968 

7 

1,679 

0.991 

8 thru  12 

1 ,281 

0.987 

Unknown 

492 

0.944 

For  "Victim's  Sex,"  approximately  55  percent  of  the  ARM  victims  were  males,  while 
15  percent  were  females  and  30  percent  were  of  unknown  sex.  Considering  only  the 
known  data,  approximately  four  out  of  five  victims  are  males.  The  probability  of 
recovery  for  males  (0.881)  was  less  than  that  for  females  (0.939),  while  the 
probability  of  recovery  for  victims  of  unknown  sex  was  very  high  (0.998). 

With  respect  to  age,  49  percent  of  the  ARM  victims  were  adults,  eight  percent 
were  teenagers,  three  percent  were  children,  and  40  percent  were  of  unknown  age. 
The  probabilities  of  recovery  were  all  relatively  low,  except  for  the  unknowns: 
adults  - 0.878,  teenagers  - 0.902,  children  - 0.842,  unknowns  - 0.993. 

Poor  health  or  heart  trouble  were  known  to  have  been  factors  for  only  33  people 
(all  fatalities)  of  the  19,814  in  ARM  (0.1*).  (See  variable  27  in  Appendix  IV-A.) 

Alcohol  information  was  coded  only  for  part  of  the  Phase  II  data.  For  the  data 
that  were  coded,  approximately  two  percent  of  the  victims  were  known  to  have 
been  drinking,  or  drinking  was  suspected.  The  data  were  unknown  for  many  cases, 
and  not  coded  for  many  others. 


* Based  on  reported  accidents. 
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Six  of  the  ARM  variables  pertain  specifically  to  the  victim's  boat.  Table  IV-11 
shows  the  distribution  of  the  ARM  victims  by  the  lengths  of  their  boats.  The 
probabilities  of  recovery  by  boat  length  indicate  a clear  tendency  toward  a 
higher  chance  of  survival  for  larger  boats.  The  unknown  boat  lengths  have  a 
relatively  low  probability  of  recovery  (0.887).  This  may  be  due  to  accidents 
in  which  few  people  were  involved  and  which  had  a high  percentage  of  fatalities 
so  that  few,  if  any,  survived  to  describe  the  vessel. 


TABLE  IV-11.  ARM  VICTIMS  BY  BOAT  LENGTH 


BOAT  LENGTH 
(TO  NEAREST  FOOT) 

NUMBER  OF 
VICTIMS 

PROBABILITY  OF 
RECOVERY  * 

10  ft  or  less  (3.0  m) 

356 

0.597 

11  - 15  ft  (3.4  - 4.6  m) 

4,055 

0.827 

16  - 17  ft  (4.9  - 5.2  m) 

3,893 

0.928 

18  - 19  ft  (5.5  - 5.8  m) 

3,081 

0.965 

20  - 22  ft  (6.1  - 6.7  m) 

1,555 

0.967 

23  - 25  ft  (6.0  - 7.6  m) 

2,137 

0.978 

26  - 35  ft  (7.9  - 10.7  m) 

2,520 

0.977 

36  - 45  ft  (11.0  - 13.7  m) 

1,046 

0.989 

46  ft  and  over  (14  m) 

357 

0.995 

Unknown 

814 

0.887 

Table  IV-12  presents  the  ARM  data  broken  down  by  boat  type.  Boat  type  was  known 
for  all  ARM  victims  except  one.  The  table  indicates  that  the  probability  of  recov 
ery  is  relatively  high  for  victims  on  powerboats,  cabin  motorboats,  houseboats, 
and  sailboats.  These  boat  types  account  for  over  93%  of  the  victims  in  ARM.  The 
probabilities  of  recovery  for  canoes,  kayaks,  open  manual  boats,  and  "other"  boats 
In  ARM  are  relatively  low.  Boat  type  appears  to  have  a significant  bearing  on 
the  probability  of  recovery,  but  this  may  be  Illusory,  due  to  these  probabili- 
ties being  based  on  reported  accidents  and  possible  differentials  among  reporting 
rates  for  different  boat' types. 

The  ARM  data  contain  very  little  information  concerning  level  flotation.  Only 
41  (0.2%)  of  the  ARM  victims  were  projected  to  have  been  on  board  level  flotation 


* Based  on  reported  accidents. 
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boats.  This  small  sample  size  prohibits  drawing  any  direct  inferences  concern- 
ing the  probability  of  recovery  for  level  flotation  boats  as  opposed  to  boats 
with  basic  flotation  or  no  flotation. 

The  hull  identification  number  for  the  boats  in  ARM  was  known  for  11%  of  the 
victims  for  whom  the  information  was  coded.  (This  variable  was  not  included  in 
Phase  I.) 


TABLE  IV-12.  ARM  VICTIMS  BY  BOAT  TYPE 


BOAT  TYPE 

NUMBER  OF 
VICTIMS 

PROBABILITY  OF 
RECOVERY* 

Open  Manual 

374 

0.604 

Open  Power 

11,044 

0.922 

Cabin  Motorboat/ Houseboat 

4,785 

0.975 

Sail  & Auxiliary  Sail 

2,675 

0.968 

Canoe/Kayak 

376 

0.588 

Other 

560 

0.777 

There  are  several  variables  in  ARM  which  relate  to  PFDs,  the  people,  the  boat, 
and  the  environment,  which  might  best  be  called  accident  variables.  These  vari- 
ables code  particular  aspects  of  the  accident  which  may  be  relevant  to  each 
victim's  eventual  outcome  (recovery  or  death). 

All  accident  types  are  well  represented  in  ARM.  Accident  type  was  known  for  all 
ARM  victims.  The  data  are  compiled  in  Table  IV-13.  The  probabil ities  of  recovery* 
for  various  accident  types  fall  into  distinct  groups.  For  collisions,  groundings, 
fires,  and  explosions,  the  probability  of  recovery  is  very  high  (0.98+).  For 
struck  by  the  boat  or  prop  and  "other,'1  the  probability  of  recovery  is  somewhat 
low  (0.88+).  The  probabilities  of  recovery  for  falls  overboard  (0.457)  and  cap- 
sizings/swampings  (0.754)  are  very  low. 


* Based  on  reported  accidents. 
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TABLE  IV-13.  ARM  VICTIMS  BY  ACCIDENT  TYPE 


ACCIDENT  TYPE 

NUMBER  OF 
VICTIMS 

PROBABILITY  OF 
RECOVERY* 

Collisions/Groundings 

13,452 

0.985 

Capsizings/Swampings 

3,359 

0.754 

Fire/Explosions 

1,410 

0.992 

Falls  Overboard 

643 

0.457 

Struck  by  Boat  or  Prop 

128 

0.884 

Other 

822 

0.887 

Most  of  the  ARM  accident  victims  were  on  lakes/swamps  (40%),  rivers /creeks  (28%), 
or  coastal  waters  (22%),  with  the  remaining  victims  (10%)  on  ocean  or  Great  Lakes' 
waters.  The  probabilities  of  recovery*  for  various  bodies  of  water  did  not  vary 
much,  ranging  from  0.873  (Great  Lakes)  to  0.959  (coastal  waters). 

Water  conditions  (see  variable  39  in  Appendix  IV-A)  were  known  for  97  percent  of 
the  ARM  victims  (calm  = 51%,  choppy/rough  = 39%,  swift  current  * 7%).  The  proba- 
bilities of  recovery*  were  low  for  swift  current  (0.805),  average  for  calm  and 
choppy/rough  (0.938  and  0.922,  respectively),  and  very  high  for  the  unknowns 
(0.996). 

By  contrast,  water  temperature  was  known  for  only  41%  of  the  ARM  victims.  Water 
temperatures  ranged  from  30°F  (-1 . 1 °C)  to  85°F  (29.4°C).  These  data  are  grouped 
in  Table  IV-14  to  show  changes  in  the  probability  of  recovery*  across  water  temp- 
erature ranges.  Although  there  are  many  unknowns,  there  is  a general  trend  in 
this  table  toward  higher  probabilities  of  recovery  in  warmer  water  temperatures. 


TABLE  IV-14.  ARM  VICTIMS  BY  WATER  TEMPERATURE 


WATER  TEMPERATURE. 

NUMBER  OF 
VICTIMS 

PROBABILITY  OF 
RECOVERY* 

30  - 44° F (-1.1  to  6.7°C) 

660 

0.796 

45  - 590F  (7.2  to  15<>C) 

2,134 

0.901 

60  - 74°F  (15.6  to  23.3°C) 

4,079 

0.939 

75°F  and  Over  (23.9°C) 

1,260 

0.937 

Unknown 

11,681 

0.930 

* Recall  that  recovery  probabilities  are  based  on  reported  accidents. 
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Almost  half  of  the  ARM  victims  (49  percent)  never  entered  the  water.  Understand- 
ably, the  probability  of  recovery*  for  those  who  never  entered  the  water  was  very 
high  (0.99).  An  additional  31  percent  of  the  ARM  victims  entered  the  water  for 
an  unknown  length  of  time.  The  data  concerning  time  in  the  water  (see  variable 
38  in  Appendix  IV-A)  came  from  the  remaining  20  percent  of  the  victims.  For 
those  who  did  enter  the  water  and  whose  time  in  the  water  was  known,  nearly  three 
fourths  (73  percent)  are  recovered  or  dead  within  15  minutes  of  entering  the 
water.  A total  of  83  percent  of  these  victims  are  recovered  or  dead  within  one 
hour  of  entering  the  water.  Thus,  whatever  recovery  mechanisms  there  are,  they 
appear  to  work  quickly  for  many  accident  victims.  For  others,  the  recovery 
systems  need  to  act  very  soon  after  they  enter  the  water,  for  there  are  many 
fatalities  in  the  first  hour  (indeed,  in  the  first  15  minutes!).  Longevity  of 
the  rescue  apparatus  (a  PFD,  for  example)  does  not  appear  to  be  as  serious  a prob 
lem  as  the  availability  of  one,  since  only  about  one  percent  of  the  ARM  victim 
outcomes  are  still  in  question  after  five  hours  in  the  water,  but  83  percent  are 
decided  within  the  first  hour. 

For  the  victims  in  ARM,  entering  the  water  had  a significant  impact  on  their 
chances  for  survival.  For  adults,  the  probability  of  recovery  for  those  who 
never  entered  the  water  was  0.98;  for  those  whose  time  in  the  water  was  unknown, 
the  probability  fell  to  0.82,  and  for  those  with  known  time  in  the  water,  it 
was  0.78.* 

For  time  in  or  with  the  boat  (see  variable  29  in  Appendix  IV-A),  over  84%  of 
the  data  was  unknown,  and  the  known  data  were  spread  uniformly  over  all  of 
the  possible  codes,  so  that  no  extractions  from  the  data  could  be  made. 

Pleasure  cruising,  water  skiing,  racing,  stopped/drifting,  "other,"  and  unknown 
accounted  for  the  activities  of  89%  of  the  ARM  victims  (see  variable  18  in 
Appendix  IV-A).  All  had  similar  probabilities  of  recovery,*  ranging  from  0.931 
(pleasure  cruising)  to  0.988  (racing).  The  activities  of  fishing,  hunting, 
skin  diving,  and  swimming  accounted  for  the  activities  of  the  remaining  11%  of 
the  ARM  victims.  These  activities  led  to  a combined  probability  of  recovery 
of  0.78.  Based  upon  the  ARM  data,  these  appear  to  be  activities  leading  to 
greater  risk  of  death  in  the  event  of  an  accident. 


* Recall  that  recovery  probabilities  are  based  on  reported  accidents. 
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The  distance  to  shore  or  another  vessel  was  unknown  for  half  of  the  ARM  victims. 

A direct  inverse  relationship  between  distance  to  shore  or  another  vessel  and  the 
probability  of  recovery*  is  shown  in  the  data  in  Table  IV-15.  For  over  88  percent 
of  the  known  data,  the  distance  to  shore  or  another  vessel  was  300  yards  or  less, 
indicating  that  for  the  bulk  of  the  accident  victims,  a rescue  system  would  not 
have  to  operate  over  great  distances  in  order  to  be  effective  in  providing  access 
to  land  or  another  vessel  (i.e.,  a source  of  rescue).  There  is  a clear  trend  in 
Table  IV-15  toward  a higher  probability  of  recovery  when  the  accident  victim  is 
closer  to  a potential  source  of  rescue. 


TABLE  IV-15.  ARM  VICTIMS  BY  DISTANCE  TO  SHORE  OR  ANOTHER  VESSEL. 


DISTANCE  TO  SHORE 

OR  ANOTHER  VESSEL 

NUMBER  OF 
VICTIMS 

PROBABILITY  OF 
RECOVERY* 

0-5  yards  (0  - 4.6  m) 

2,893 

0.957 

5 - 300  yards  (4.6  - 274.5  m) 

5,837 

0.916 

300  - 900  yards  (0.3  - 0.8  km) 

530 

0.859 

900  yards  - 2 mi  (0.8  - 3.2  km) 

509 

0.753 

Greater  than  2 mi  (3.2  km) 

142 

0.700 

Unknown 

9,903 

0.936 

There  is  very  little  evidence  in  ARM  that  visual  distress  signals  are  used.  Only 
3.1%  of  the  ARM  victims  used  signalling  devices,  and  these  were  effective  (In 
gaining  the  attention  of  a rescuer)  in  80%  of  the  cases  when  used.  Of  those  cases 
in  which  the  use  of  a signal  device  was  appropriate  and  It  could  be  determined 
whether  or  not  a signal  was  used,  96.8%  of  the  ARM  victims  did  not  use  a standard 
signalling  device.  There  were  no  Instances  in  which  a make-shift  signal  was  used. 
The  probability  of  recovery*  for  those  who  used  a signalling  device  was  greater 
(0.954)  than  for  those  who  did  not  (0.924). 

Who  were  the  rescuing  agents?  The  assisting  party  was  unknown  in  35  percent  of 
the  cases,  and  there  was  no  assisting  party  for  30  percent  of  the  victims. 

Boaters  from  other  boats  or  the  victim's  own  boat  accounted  for  the  assistance 
provided  for  24  percent  of  the  victims.  The  remainder  were  assisted  by  the  Coast 
gGuard  (3%),  Coast  Guard  Auxiliary  (0.1%),  state  or  local  officials  (4.4%)  or 


* 


Recall  that  -recovery  probabilities  are  based  on  reported  accidents. 


others  (3.5%).  The  probabilities  of  recovery*  for  all  of  these  assisting  parties 
were  greater  than  0.92,  with  the  exceptions  of  "no  one"  (probability  of  recovery 
= 0.857)  and  "boater  from  same  boat"  (0.849). 

For  final  boat  configuration  (see  variable  24  in  Appendix  IV-A),  the  unknowns 
accounted  for  over  18  percent  of  the  data.  Over  one-half  of  the  victims  were 
from  boats  which  remained  upright  and  not  swamped.  About  four  percent  were  from 
capsized  or  swamped  boats  which  floated  level  fortuitously,  while  16  percent  of 
the  victims  were  from  nonlevel  capsized  or  swamped  boats, and  11  percent  we^e  from 
boats  that  sank.  The  probabilities  of  recovery*  were  highest  for  categories  corre 
sponding  to  nonswamped  boats  and  unknowns.  A more  detailed  analysis  of  this 
variable  can  be  found  in  the  benefit  estimations  of  Section  6.3. 

The  victim's  condition  (see  variable  26  in  Appendix  IV-A)  was  known  (or  could  be 
reliably  assumed)  for  99.6  percent  of  the  ARM  victims.  Several  comparisons  can 
be  made  from  these  data.  Known  swimmers  (13  percent  of  the  victims)  had  a much 
higher  probability  of  recovery*  (0.801)  than  known  nonswimmers  (1.5%  of  the 
victims  with  a probability  of  recovery  of  only  0.348).  There  are  a projected  76 
(0.4%)  people  per  year  who  are  unconscious  upon  having  an  accident,  and  their 
probability  of  recovery*  is  less  than  a half  (0.478).  Thus,  there  are  approxi- 
mately 40  deaths  involving  victims  who  are  made  unconscious  by  the  accident.  An 
additional  1,087  (6%)  are  seriously  injured.  The  probability  of  recovery*  for 
these  individuals  is  0.805.  Adequate  emergency  treatment  is  provided  in  five 
out  of  six  (83%)  of  these  cases.  By  far  the  majority  of  victims  in  ARM  (87%) 
are  conscious  and  not  seriously  injured.  The  probability  of  recovery*  for  these 
victims  is  0.940. 

The  victim's  behavior  and  circumstances  is  a complicated  variable  (see  variable 
28  in  Appendix  IV-A).  This  part  of  the  ARM  model  is  closer  to  the  original  deci- 
sion tree  versions  of  the  model  than  any  other  part.  Therefore,  a single  code 
from  this  variable  can  convey  a lot  of  meaning.  The  data  for  this  variable  are 
presented  in  Table  IV-16*.  The  table  is  structured  In  order  to  reflect  the  rela- 
tionships between  the  coces  in  the  ARM  decision  tree  for  this  variable.  Over  70 
percent  of  the  ARM  victims  were  in  their  boats  immediately  after  their  accidents 


* Recall  that  recovery  probabilities  are  based  on  reported  accidents. 


TABLE  IV-16.  BEHAVIOR  AND  CIRCUMSTANCES  FOR  ARM  VICTIMS 


ARM  CODE  * 

MEANING 

NUMBER  OF 
VICTIMS 

% OF 

TOTAL  ARM 
VICTIMS 

PROBABILITY 
OR  RECOVERY 

31. 

In  Boat  (Otherwise  Unknown) 

1,396 

7.0 

21. 

Separated  from  Boat 
(Otherwise  Unknown) 

218 

1.1 

0.942 

2. 

Swam  for  Shore 

748 

3.8 

0.935 

3. 

Forced  to  Leave 

2,230 

11.3 

0.943 

1. 

Remained  in  Boat 

9,350 

47.2 

0.996 

32. 

In  Water,  Not  Trapped 
(Otherwise  Unknown) 

479 

2.4 

0.982 

22. 

Remained  in  Water 
(Otherwise  Unknown) 

363 

1.8 

0.887 

12. 

Positioned  on  Boat 
(Otherwise  Unknown) 

0 

0.0 

- - “ 

5. 

Remained  on  Boat 

104 

0.5 

1.000 

6. 

Thrown  or  Washed  Off 

0 

0.0 

- - - 

13. 

Held  onto  Boat 
(Otherwise  Unknown) 

9 

0.0 

1.000 

7. 

Remained  with  Boat 

685 

3.5 

0.964 

8. 

Lost  Grip/Washed  Away 

170 

0.9 

0.164 

14. 

Separated  from  Boat 

136 

0.7 

0.633 

9. 

Swam  for  Shore 

1,080 

5.5 

0.842 

10. 

Forced  to  Leave 

1,599 

8.1 

0.534 

4. 

Re-entered  Boat 

486 

2.5 

0.991 

11. 

Trapped  or  Entangled, 
in  Water 

103 

0.5 

0.458 

99. 

Victim  Did  Not  Wind  Up  in 
the  Water  or  the  Boat 

46 

0.2 

0.949 

88. 

Unknown 

612 

3.1 

0.965 

TOTAL 

19,814 

100.1** 

0.925 

* NOTE:  The  left-most  codes  have  subclasses  beneath  them  in  the  Behavior  and 
Circumstances  decision  tree.  The  right-most  codes  are  terminal  nodes 
in  that  tree. 

**  NOTE:  Slight  round-off  errors  can  accumulate  over  several  estimates. 
♦♦♦NOTE:  Based  on  reported  accidents. 
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(codes  31,  21,  2,  3,  1),  and  yet  many  (16.2  percent  of  the  total)  wound  up  sepa- 
rated from  their  boats.  The  extremely  high  probabilities  of  recovery  for  those 
victims  who  remained  in  their  boats  or  re-entered  them  (codes  31,  1 and  4)  indi- 
cate that  providing  a boat  that  can  be  re-entered,  and  educating  the  boater  to 
do  that,  may  lead  to  many  more  lives  being  saved.  This  problem  is  discussed  in 
later  paragraphs,  including  Section  6.4.  Codes  where  the  probability  of  recovery 
is  very  low  include  those  who  wind  up  in  the  water  and  1)  lose  their  grip  when 
holding  onto  the  boat  (0.164),  2)  are  separated  from  the  boat  for  an  unknown 

reason  (0.633),  are  forced  to  leave  (0.534),  or  are  trapped  or  entangled  (0.458). 
Those  who  are  in  the  water  and  voluntarily  leave  have  a much  higher  probability 
of  recovery  than  those  who  are  forced  to  separate  from  the  boat  by  being  thrown 
out  or  falling  out  (0.842  to  0.534).  Those  who  are  forcibly  separated  from  an 
"in  boat"  position  fare  much  better  than  those  who  are  forcibly  separated  from 
the  boat  in  an  "in  water"  position  (code  3 - 0.943  to  code  10  - 0.534).  Simi- 
larly, a voluntary  decision  to  leave  from  an  "in  boat"  position  (code  2)  results 
in  a higher  probability  of  recovery  (0.935)  than  for  a voluntary  decision  to 
leave  from  an  "in  water"  position  (code  9 - 0.842).  These  data  lead  to  the  con- 
clusion that  the  same  behaviors  from  an  "in  the  water"  position  lead  to  signifi- 
cantly lower  probability  of  recovery  than  from  an  "in  boat"  position.  Yet, 
re-entering  the  boat  from  the  water  (code  4)  results  in  almost  the  same  probabil- 
ity of  recovery  as  those  who  never  enter  the  water  at  all  (codes  1 and  31).  The 
code  "99"  was  used  for  the  few  victims  in  ARM  who  ended  up  on  a dock,  or  land, 
or  in  a tree  as  a result  of  their  boating  accidents. 

4.3  Summary  of  Basic  ARM  Results* 

• The  ARM  data  were  compared  to  Coast  Guard  data  for  several  variables 
that  were  not  included  in  the  sampling  plan.  They  compared  favor- 
ably, in  general,  and  showed  no  obvious  nonrepresentative  biases. 

• Nearly  half  of  the  ARM  data  was  sampled  from  1975,  the  year  they 
have  been  weighted  to  represent. 

• The  data  for  many  PFD  variables  contained  many  unknowns,  precluding 
significant  detailed  analysis. 


* Recall  that  recovery  probabilities  are  based  on  reported  accidents. 
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• No  evidence  was  found  of  significant  PFD  malfunctions  or  improper 
use  of  PFDs.  However,  the  sample  sizes  for  these  variables  were 
relatively  small. 

• Nearly  three-fourths  of  all  accident  victims  who  enter  the  water 
are  recovered  or  dead  within  15  minutes  (83%  within  one  hour). 

• Victims  from  boats  with  sufficient  PFDs  had  a much  greater  proba- 
bility of  survival  than  those  from  boats  lacking  in  PFDs. 

• The  probability  of  recovery  increased  with: 

increasing  people  on  board 

increasing  boat  length 

increasing  water  temperature 

decreasing  distance  to  shore  or  another  vessel. 

• Victims  from  canoes,  kayaks,  open  manual  boats,  and  "other"  boats 
had  significantly  lower  chances  for  survival  than  victims  from 
powerboats,  cabin  motorboats,  houseboats  and  sailboats. 

• Manually  powered  boats  lead  to  an  unusually  low  probability  of 
recovery  for  victims  in  reported  accidents. 

• Victims  from  reported  collisions,  groundings,  fires  and  explosions 
fared  well,  while  victims  in  reported  capsizings/swampings  and  falls 
overboard  had  much  reduced  chances  for  survival.  Hit  by  the  prop 
and  "other"  victims  in  reported  accidents  had  intermediate  probabili- 
ties of  recovery  (approximately  0.89). 

• Over  1,100  victims  per  year  were  projected  to  be  unconscious  or 
seriously  injured  in  reported  accidents. 

These  basic  presentations  have  pointed  out  the  need  for  detailed  analyses  that 
examine  several  variables  simultaneously.  For  example,  do  manually  powered  boats 
lead  to  lower  probability  of  survival  because  of  the  kinds  of  accidents  they  are 
likely  to  be  involved  in,  or  because  of  the  conditions  in  which  they  are  used,  or 
what?  The  next  section  (Section  5.0)  addresses  these  kinds  of  questions  using 
more  complex  data  analyses,  and  provides  the  foundation  for  the  benefit  estima- 
tion techniques  to  follow  in  Section  6.0. 
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5.0  DATA  ANALYSES 


5.1  Methods 

The  methods  used  in  performing  the  data  analyses  in  this  section  (and  much  of 
Section  6.0)  involve  crosstabulating  variables  and  applying  straightforward 
statistical  techniques  for  evaluating  contingency  tables.  As  was  mentioned  in 
the  previous  discussion,  the  use  of  ARM  data  to  answer  basic  questions  about  the 
recovery  process  is  complicated  by  the  fact  that  so  many  variables  interact,  and 
are  partially  dependent  upon  one  another. 

For  example,  PFD  wear  is  strongly  associated  with  more  severe  conditions  on  other 
variables  than  PFD  nonwear.  Boaters  often  do  not  don  PFDs  until  and  unless  they 
are  in  trouble.  Thus,  a comparison  of  PFD  wear  to  nonwear,  without  taking  the 
other  variables  into  account,  would  be  misleading.  In  conceptually  changing  an 
accident  victim  from  a PFD  nonwearer  to  a PFD  wearer,  one  is  also  changing,  in 
effect,  many  other  variables.  In  order  to  make  such  comparisons  meaningful,  they 
must  be  made  under  circumstances  that  are  comparable.  Thus,  the  crosstabulating 
of  variables  (allowing  comparisons  of  PFD  wear  versus  nonwear,  for  example,  in 
rough  water  conditions  and  calm,  as  opposed  to  overall  water  conditions)  is 
critical  for  analyses  of  ARM  data. 

The  main  point  to  be  remembered  in  this  discussion  (and  in  6.0)  with  regard  to 
the  methods  employed  is  that  the  apparent  effect  of  changing  from  one  category  to 
another  on  a given  variable  (say,  from  not  wearing  a PFD  to  wearing)  in  terms  of 
the  change  in  percentage  recovered,  may  be  biased  by  the  other  variables  which 
interact  with  the  given  variable  (such  as  behavior,  boat  type,  etc.  for  PFD  use). 
There  are  three  major  impacts  of  these  biases  on  the  ARM  data  analyses: 

• Variables  within  ARM  tend  to  correlate  and  interact  with  each 
other,  particularly  variables  such  as  PFD  usage. 

• Methods  are  available  for  measuring  the  degrees  of  interrelation- 
ship (through  the  contingency  coefficients  and  x2  values)  based 
upon  the  weighted  data. 

0 The  implications  of  these  interrelationships  bear  directly  upon 
benefit  estimation. 
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5.2  Results 


Weighted  ARM  data  for  selected  combinations  of  variables  are  presented  below. 

Of  course,  there  are  many  combinations  of  variables  which  could  be  used  in  sorting 
the  ARM  data.  There  are  nearly  1,000  possible  combinations  using  only  two  vari- 
ables at  a time.  Not  all  of  these  are  presented  in  this  report.  Those  that  are 
presented  are  most  relevant  to  USCG  programs,  particularly  those  that  are  rele- 
vant to  PFDs.  The  data  reported  below  are  projected  frequencies  and  probabilities 
of  recovery  for  the  population  of  reported  boating  accidents. 

The  preceding  pages  (Section  4.0)  have  presented  ARM  recovery  data  sorts  for  all 
of  the  major  variables  coded  in  ARM.  Some  of  the  tables  have  indicated  that 
there  are  variables  that  interact  with  each  other,  or  are  highly  correlated. 

These  correlations  or  interactions  can  lead  to  counterintuitive  results  in 
terms  of  the  probabilities  of  recovery.  One  important  aspect  to  this  problem  is 
that  it  means  that  every  benefit  estimation  problem,  or  evaluation  of  a set  of 
conditions,  must  include  an  analysis  of  other  variables  than  those  of  direct 
interest  in  order  to  determine  interrelationships  that  may  bias  the  results.  Some 
of  these  biases  are  shown  in  the  tables  that  follow. 

Tables  IV-17  and  IV-18  show  the  ARM  fatalities  and  recoveries  for  a crosstabula- 
tion of  accident  type  and  boat  type.  These  data  are  shown  as  verification  of  the 
weighting  process.  Comparisons  of  Table  IV-17  with  Table  IV-3  and  Table  IV-18 
with  Table  IV-4  reveal  that  the  ARM  data,  when  weighted  accurately,  match  the 
Coast  Guard  data  that  they  are  intended  to  represent.  The  apparent  exceptions 
to  this  statement  are  those  blocked  cells  under  falls  overboard  and  "other"  acci- 
dent types  where  the  projected  ARM  victims  do  not  match  the  Coast  Guard  data 
reported  earlier.  These  cells  were  the  ones  where  the  appropriate  Coast  Guard 
data  were  not  available.  The  data  from  Table  IV-4  in  those  cells  were  used  to 
generate  the  weights  (using  all  people  on  board  minus  fatalities  - see  Section 
3.1,  page  IV-14),  but  the  weights  were  not  applied  to  all  people  on  board  who 
survived  in  those  accidents,  only  to  the  actual  recoveries  (those  actually  at 
risk  who  survived).  Thus,  in  those  cells,  the  numbers  from  Table  IV-4  represent 
upper  bounds  for  the  corresponding  cells  In  Table  IV-18,  and  should  not  necessar- 
ily be  matched  by  Table  IV-18.  There  are  no  estimates  available  for  what  these 
numbers  should  be. 


TABLE  IV-17.  ARM  FATALITIES:  BOAT  TYPE  BY  ACCIDENT  TYPE 


ACCIDENT 

TYPE 

BOAT  TYPE 

COLLISIONS/ 

GROUNDINGS 

CAPSIZINGS/ 

SWAMPINGS 

FIRES/ 

EXPLOSIONS 

FALLS 

OVERBOARD 

HIT  BY  BOAT 
OR  PROP 

OTHER 

Open  Manual 

Open  Power 

Cabin  Motorboat/ 
Houseboat 

Sail  & Auxiliary  Sail 

Canoe/Kayak 

Other 

3.44 

142.72 

19.52 

5.67 

12.61 

11.55 

103.74 

420.00 

40.95 

42.70 

136.51 

80.40 

0.00 

7.40 

4.13 

0.13 

0.00 

0.00 

32.36 

232.74 

37.20 

21.66 

5.77 

19.80 

0.00 

13.58 

0.00 

0.00 

0.00 

1.17 

8.55 

41.70 

16.31 

15.45 

0.00 

10.96 

NOTE:  1488.72  total  fatalities. 


TABLE  IV-18.  ARM  RECOVERIES:  BOAT  TYPE  BY  ACCIDENT  TYPE 


ACCIDENT 

TYPE 

BOAT  TYPE 

i 

COLLISIONS/ 

GROUNDINGS 

CAPSIZINGS/ 

SWAMPINGS 

FIRES/ 

EXPLOSIONS 

FALLS 

OVERBOARD 

HIT  BY  BOAT 
OR  PROP 

OTHER 

Open  Manual 

104.40 

106.40 

0.00 

1*14795'! 

0.00 

[~  0.00*3 

I 484.62  J 

Open  Power 

7107.90 

1561.68 

684.98 

I 239.40  ' 

105.92 

Cabin  Motorboat/ 
Houseboat 

3510.36 

416.64 

639.08 

1 * 

1 18.87  1 

1 1 

0.00 

1 i 

, 79.83  | 

'131.95  ' 

1 | 

, o.oo  ; 

Sail  & Auxiliary  Sail 

2254.77 

164.16 

25.56 

| 11.68  1 

0.00 

Canoe/ Kayak 

85.15 

135.98 

0.00 

| 0.00  [ 

0.00 

Other 

187.88 

148.72 

48.92 

t 8.80  1 

6.83 

NOTE:  18318.11  total  recoveries. 
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The  reader  will  note  that  only  19,807  victims  are  accounted  for  in  Tables  IV-17 
and  IV-18  out  of  the  19,814  total  victims  in  ARM.  The  remaining  seven  victims 
were  unknown  on  outcome  ( recovery/ fatal ity)  and  are  not  tabulated.  The  cells 
where  zeros  occur  in  Tables  IV-17  and  IV-18,  and  nonzero  entries  are  found  in 
Tables  IV-3  and  IV-4,  are  those  where  no  victims  could  be  found  in  the  ARM  data. 
Thus,  no  weight  could  be  large  enough  to  cause  a match  with  the  Coast  Guard  data. 

One  of  the  many  critical  issues  with  respect  to  PFDs  in  this  project  was  the  extent 
of  the  need  for  automatic  actuation  mechanisms  for  inflatable  PFDs,  if  they  were 
approved.  One  way  to  address  this  issue  would  be  to  ask  how  many  adult  accident 
victims  might  benefit  from  automatic  actuation  of  PFDs  upon  entering  the  water. 
These  victims  would  include  many  of  those  that  were  unconscious,  seriously  in- 
jured, or  drowned  suddenly  (in  less  than  five  minutes).  The  ARM  variables  of 
victim's  condition,  time  in  the  water,  age,  PFD  use,  and  outcome  were  categorized 
and  crosstabulated  in  order  to  compute  the  desired  quantities.  A total  of  779 
victims  would  benefit  from  an  automatic  actuator  on  an  inflatable  PFD  if  they 
were  to  use  one.  This  estimate  includes  some  victims  who  may  have  been  able  to 
actuate  a manual  device,  and  therefore  it  should  be  considered  a high  estimate. 

Only  7.8  percent  of  these  victims  wore  a PFD.  The  probability  of  recovery  for 
these  victims  was  approximately  0.50.  Of  the  779  incapacitated  adults,  about 
half  survived  (approximately  389)  and  approximately  40  of  the  recoveries  were 
wearing  PFDs.  Thus,  if  inflatable  PFDs  without  automatic  actuation  were 
substituted  for  fixed  flotation  PFDs  that  were  worn,  an  additional  40  lives 
would  be  at  risk  beyond  those  who  died.  However,  this  would  have  to  be  weighed 
against  the  potential  benefits  from  the  inflatables  in  increased  wear  in  order 
to  properly  evaluate  their  impact. 

It  should  be  noted  that  the  estimate  of  approximately  40  lives  being  risked  (which 
are  not  saved)  due  to  inflatable  PFDs  that  are  not  automatic  acutating  is  an  upper 
bound.  Even  if  inflatables  were  approved,  it  is  very  unlikely  that  all  40  would 
be  wearing  an  inflatable.  Also,  some  of  the  40  may  not  be  saved  by  their  PFDs  now. 
They  are  recoveries  who  were  wearing  PFDs,  but  they  may  have  been  rescued  without 
the  PFD  being  directly  involved.  If  we  estimate  (assume)  that  only  10%  of  these 
victims  would  be  wearing  inflatables,  then  between  zero  and  four  (40x0.1)  people 
would  actually  be  at  risk  who  were  saved  before,  the  exact  value  depending  upon 
how  many  would  be  saved  even  with  no  PFD  (by  boaters  in  the  immediate  area,  etc.). 
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The  number  of  these  additional  victims  at  risk  would  need  to  be  compared  to  the  , 

benefit  for  the  rest  of  the  accident  victims  from  approving  inflatables,  consider- 
ing increased  wear  rates,  etc. 

The  analysis  of  the  automatic  actuation  issue  for  inflatables  points  out  the 
complicated  nature  of  most  of  the  questions  posed  for  ARM  in  this  project.  The 
data  to  support  such  estimates  are  often  sketchy,  and  contain  many  unknowns. 

Performing  the  analyses  in  this  section  and  the  benefit  estimates  (Section  6.0) 

often  requires  insight  into  the  data  base,  engineering  judgment,  and  making 

assumptions  about  the  unknown  data,  or  the  parameters  of  possible  Coast  Guard 

programs  and  their  effects.  / 

Crosstabulations  of  time  in  water  and  water  temperature  were  generated  and  used 
to  estimate  the  magnitude  of  the  hypothermia  problem  in  recreational  boating,  and 
the  role  of  PFDs  in  hypothermia  cases  (see  Section  6.6).  From  these  data,  it  was 
established  that  between  117  and  795  victims  per  year  are  affected  by  hypothermia. 

The  wear  rate  of  PFDs  for  those  who  need  hypothermia  protection  is  approximately 
44%,  which  is  very  high.  This  figure  seems  counterintuitive  until  it  is  realized 
that  these  victims  would  not  be  likely  to  survive  long  enough  to  attain  a hypo- 
thermia condition  without  a PFD.  The  probability  of  recovery  for  PFD  wearers 
suffering  from  hypothermia  (0.85)  was  not  significantly  different  from  those  who 
didn't  wear  a PFD  (0.82).  However,  the  sample  size  for  known  data  was  very  small 
(approximately  92%  of  the  data  was  unknown),  so  no  reliable  conclusions  can  be 
drawn  concerning  the  role  of  PFDs  in  hypothermia  situations,  other  than  the  fact 
that  the  wear  rate  appears  to  be  high,  so  the  potential  exists  for  benefits  from 
hypothermia  protection  in  PFDs. 

Elements  from  the  analyses  of  incapacitated  and  hypothermia  victims  can  be  com- 
bined to  estimate  the  need  for  self-righting  PFDs.  For  the  purposes  of  this 
analysis,  an  incapacitated  victim  Is  defined  as  any  projected  victim  coded  in 
ARM  as  unconscious,  seriously  injured,  or  drowned  suddenly  (in  less  tha..  five 
minutes  after  entering  the  water).  As  a first  approximation,  all  incaj acitated 
and  hypothermia  victims  could  be  considered  to  need  a PFD  that  passively  orients 
the  body  to  prevent  drowning.  The  estimated  number  of  Incapacitated  victims  who 
entered  the  water  in  ARM  was  779  people.  The  estimated  number  of  people  who 
became  unconscious  due  to  hypothermia  is  between  64  (considering  only  those 
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cases  for  which  time  In  the  water  and  water  temperature  were  known)  and  429 
(assuming  that  unknowns  are  distributed  like  the  knowns).  According  to  this 
approximate  procedure,  the  number  of  victims  yearly  who  need  a PFD  which  can  turn 
an  unconscious  or  Incapacitated  wearer  Is  between  843  and  1208  people.  This 
represents  approximately  one-fifth  of  the  estimated  (from  ARM)  5580  adults  who 
enter  the  water  annually  in  boating  accidents.  The  estimated  rate  of  PFD  wear 
for  these  adults  is  between  11%  and  21%.  Of  course,  not  all  of  the  incapacitated 
victims  would  require  a turning  moment,  so  these  estimates  represent  upper 
bounds.  Also,  many  of  these  victims  survive  currently.  Although  a turning 
moment  for  PFDs  might  help  them,  it  cannot  be  said  that  this  would  "save"  them 
since  many  are  recovered  without  any  PFD. 

Only  adults  are  considered  in  this  discussion  since  the  scope  of  the  Phase  II 
PFD  research,  for  which  this  analysis  was  done,  was  limited  to  adult-sized  PFDs. 

What  is  the  rate  of  PFD  wear,  holding,  and  donning  for  adults  who  enter  the  water? 
This  is  the  kind  of  question  that  might  require  an  answer  as  input  to  the  Life 
Saving  Index  (Reference  IV-10).  In  obtaining  wear  rates  one  must  also  be  aware 
of  the  existence  of  missing  ("unknown")  data.  The  data  for  time  in  the  water, 

PFD  use,  and  age  were  cross tabu la ted  to  provide  information  relative  to  this 
issue.  Age  was  unknown  for  nearly  8,000  victims,  time  in  the  water  was  unknown 
for  another  2,600,  and  PFD  use  was  unknown  for  an  additional  1,800.  Therefore 
the  rates  that  were  determined  are  based  upon  the  data  from  less  than  38%  of 
the  ARM  sample  (the  known  data  on  the  issue).  The  wear  rate  for  PFDs  for 
adults  in  the  water  Is  approximately  11%,  the  holding  rate  is  four  percent,  and 
the  donning  rate  is  11%.  If  the  unknowns  for  time  in  water  are  included  (since 
"not  applicable"  meant  the  victim  never  entered  the  water,  "unknown"  could  mean 
"unknown  if  he  entered  the  water"  or  "he  did  enter  the  water,  duration  unknown"), 
then  the  wear  rate  Is  13%,  the  holding  rate  is  three  percent,  and  the  donning 
rate  is  seven  percent. 

PFD  use  is  crossed  with  three  variables  in  succeeding  pages  in  order  to  demon- 
strate the  Interactive  nature  of  analytical  problems  of  the  type  addressed  by 
ARM.  Table  IV-19  presents  the  data  for  PFD  use  crossed  with  water  conditions 
for  adult  victims.  Each  cell  In  the  table  has  two  entries:  the  number  of 
victims  in  the  cell,  and  the  probability  of  recovery  for  the  cell  (in  paren- 
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theses).  Some  water  conditions  and  PFD  use  codes  were  combined  to  provide 
adequate  sample  sizes  in  every  cell. 


TABLE  IV- 1 9 . ARM  ADULTS:  PFD  USE  BY  WATER  CONDITIONS 


WATER  CONDITIONS 

PFD  USE 

CALM 

NUMBER  OF  VICTIMS 
(PROBABILITY 

OF  RECOVERY*) 

CHOPPY/ ROUGH/ SWIFT  CURRENT 
NUMBER  OF  VICTIMS 
(PROBABILITY  OF  RECOVERY*) 

UNKNOWN 

(PROBABILITY 

OF  RECOVERY*) 

PFD  Worn 

359  (0.95) 

518  (0.87) 

0 

PFD  Held 
or  Donnel 

247  (0.93) 

345  (0.87) 

0 

No  PFD 

3,267  (0.88) 

3,101  (0.83) 

185  (1.00) 

Unknown 

904  (0.94) 

795  (0.92) 

19  (0.88) 

There  is  a trend  in  each  water  condition  category  for  higher  probabilities  of 
recovery*  if  PFDs  are  used.  This  effect  is  more  pronounced  in  the  calm  data. 

Note  also  that  there  is  no  statistically  significant  relationship  between  PFD 
use  and  water  condition  in  these  data  (x2  = 3.7**,  degrees  of  freedom  = 2, 
p = 0.16). 

PFD  use  data  were  also  broken  down  for  swimmers  and  nonswimmers.  Although  known 
swiimers  had  a much  higher  probability  of  recovery*  than  known  nonswimmers  (0.78 
to  0.31),  the  groups  were  indistinguishable  when  wearing  PFDs  (0.86  for  swimmers 
wearing  PFDs  and  0.89  for  nonswimmers  wearing  PFDs). 

An  enlarged  discussion  of  the  influences  of  other  variables  (biases)  on  the 
probability  of  recovery  for  PFD  use  can  be  found  in  Section  6.3. 

Information  concerning  other  aspects  of  the  role  or  influence  of  PFDs  In  acci- 
dents can  be  gained  from  ARM  as  well.  For  example,  is  PFD  use  related  to  the  source 
of  assistance?  One  might  predict  that  without  a PFD,  an  accident  victim  would 
need  to  be  rescued  from  his  own  craft,  since  he  might  not  survive  long  enough  to 
be  rescued  by  someone  else.  A somewhat  different  trend  was  observed  in  the  data. 
Table  IV-20  shows  the  number  of  adults  and  probability  of  recovery*  (in  parentheses) 

* Based  on  reported  aocldents. 

**  This  chi-square  value  has  been  adjusted  by  a factor  of  0.076  to  account  for 
ARM  sample  weighting. 
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for  each  combination  of  PFD  use  and  whether  or  not  the  assisting  party  was  from 
the  same  vessel  as  the  victim.  The  data  indicated  that  it  is  very  unlikely  that 
a person  holding  or  donning  a PFD  will  be  assisted  by  a boater  from  the  same  boat, 
while  it  is  not  unlikely  that  a PFD  wearer  will  gain  assistance  from  his  own  boat 
(x2  = 13.3,  degrees  of  freedom  = 2,  p = 0.001). 

TABLE  IV-20.  ARM  ADULTS:  PFD  USE  BY  ASSISTING  PARTY* 


I 

j 

I 


Over  one-fourth  (25.3%)  of  those  who  wore  PFDs  were  assisted  by  a party  from 
their  own  boat,  while  only  two  percent  of  the  PFD  holders  and  donners,  and 
only  11%  of  those  without  a PFD  were  assisted  by  parties  from  their  own  boats. 

In  Phase  I of  the  PFD  study,  sudden  drownings**  were  identified  as  a major  problem 
in  boating  safety  (see  Reference  IV-1).  The  ARM  data  are  tabled  by  PFD  use  in 
Table  IV-21  for  those  victims  who  were  not  seriously  Injured  and  had  a time  in 
the  water  of  less  than  five  minutes.  (This  implies  that  the  deaths  in  the  table 
would  be  very  likely  to  be  sudden  drownings.)  The  probability  of  recovery  is 
much  lower  for  those  without  a PFD  in  the  first  five  minutes,  indicating  that 
PFD  wear  (instant  accessibility)  Is  very  Important  in  saving  the  lives  that  are 
lost  In  those  minutes.  However,  those  who  wear  PFDs  are  not  completely  imnune 
from  sudden  drowning. 


ASSISTING  PARTY 

PFD  USE 

ANOTHER  BOATER  FROM 

THE  SAME  BOAT 

ALL  OTHER  TYPES 

OF  ASSISTANCE 

UNKNOWN 

PFD  Worn 

190  (0.96) 

561  (0.86) 

125  (1.00) 

PFD  Held 
or  Donned 

12  (0.00) 

552  (0.91) 

0 

No  PFD 

573  (0.71) 

4,415  (0.84) 

1337  (0.98) 

Unknown 

88  (0.95) 

825  (0.87) 

799  (0.99) 

* Probabilities  of  recovery  are  based  on  reported  accidents. 

**  A sudden  drowning  Is  defined  as  any  drowning  which  occurs  within  five 
minutes  after  the  victim  enters  the  water  and  which  cannot  be  accounted 
for  solely  because  the  victim  cannot  swim,  either  because  he  Is  a nonswim- 
mer or  because  he  is  Incapacitated  or  unconscious. 
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TABLE  IV-21.  ARM  VICTIMS:  PFD  USE  FOR 
NONINJURED,  IN  THE  WATER  FIVE  MINUTES  OR  LESS 


PFD  USE 

OUTCOME 

PFD  WORN 

OR  DONNED 

HELD  OR  USED 

NO  PFD 

UNKNOWN 

Number  of  Recoveries 

196 

98 

968 

227 

Number  of  Fatalities 

14 

8 

267 

8 

Probability  of  Recovery* 

0.93 

0.92 

0.78 

0.97 

5 . 3 Summary 


Many  more  results  and  crosstabulations  of  the  type  presented  here  are  described 
in  the  benefit  estimation  problems  in  the  next  section  (Section  6.0).  What  has 
been  shown  here  is: 

• The  weighted  ARM  data  match  the  desired  goal  of  the  sampling  plan 
and  weight  program. 

• The  recovery  process,  in  general,  is  very  complex,  and  depends  upon 
the  specific  interactions  of  the  many  variables  describing  the  boat, 
the  people,  the  environment,  and  the  accident. 

• Specifically,  many  variables  correlate  with  PFD  use  and  most  are 
related  in  such  a way  that  PFD  wearers  experience  the  most  severe 
conditions  on  related  variables  more  often  than  nonwearers.  Obvious- 
ly, the  boater  who  uses  a PFD  may  do  so  in  response  to  threatening 
circumstances,  and  this  fact  is  captured  in  the  multiple  variable 
analyses  that  have  been  done  in  this  section  and  will  be  done  in 

the  next  section. 

• The  relative  importance  of  PFD  properties  can  be  demonstrated  using 
carefully  constructed  sortings  of  the  ARM  data.  Such  properties 
might  include:  automatic  actuation  for  inflatables,  the  turning 

of  an  unconscious  wearer,  the  trade-off  of  wear  (be  sure  he  has 
It  on  in  the  first  few  minutes)  with  other  characteristics  (the 
need  for  hypothermia  protection),  etc. 

* Based  on  reported  accidents. 
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• The  need  for  detailed  multiple-factor  analysis  of  these  complex 
problems,  reflecting  good  engineering  judgment,  precise  problem 
definition,  and  intimate  knowledge  of  the  ARM  data  base. 

The  last  point  launches  the  discussion  of  the  benefit  estimations  in  Section 
6.0.  Ample  evidence  has  been  provided  of  the  complex  interactive  nature  of 
the  recovery/fatality  process.  Approaching  these  issues  by  breaking  down  each 
problem  into  multiple  factors  has  been  shown  to  be  fruitful  in  indicating  impor 
tant  relationships  in  the  data.  The  "multistate  approach"  to  benefit  estimates 
described  in  6.0  is  an  outgrowth  of  the  realizations  witnessed  on  the  preceding 
pages. 


6.0  ARM  BENEFIT  ESTIMATION:  METHODS  AND  EXAMPLES 


6.1  Introduction 


The  Accident  Recovery  Moc^l  is  actually  a data  base  containing  data  on  numerous 
variables  related  to  the  circumstances  of  boating  accident  victims.  It  provides 
a good  source  of  information  for  studies  on  the  seriousness  of  these  circum- 
stances. In  particular,  it  can  be  used  in  deriving  estimates  of  the  numbers  of 
lives  which  could  potentially  be  saved  if  the  Coast  Guard  were  to  implement  a 
new  or  revised  safety  program  or  regulation. 

If  a number  of  programs  or  regulations  are  under  consideration,  ARM  can  be  used 
in  estimating  the  potential  benefit  of  each,  so  that  they  may  be  compared.  Such 
programs  will  be  concerned  with  increasing  victim  survivability;  that  is,  in- 
creasing the  probability  of  a victim  surviving.  This  probability  is  called  a 
victim's  "recovery  probability." 

To  increase  victim  survivability  a program  or  regulation  would  attempt  to  change 
the  conditions  present  after  accidents  to  more  favorable  conditions.  For 
instance,  a program  might  be  designed  to  increase  PFD  use.  We  shall  call  a 
condition  such  as  "used  a PFD"  a "state."  Thus,  safety  programs  or  regulations 
are  designed  to  transfer  victims  from  less  desirable  states  (ones  with  lower 
recovery  probabilities),  to  more  desirable  states  (ones  with  higher  recovery 
probabilities).  A program  designed  to  increase  PFD  use  would  result  in  victims 
being  transferred  from  the  less  desirable  state,  "PFD  not  used,'"  to  the  more 
desirable  state,  "PFD  used." 

The  benefits,  in  yearly  number  of  lives  saved,  are  calculated  by  mathematically 
transferring  victims  from  the  less  desirable  state  to  the  more  desirable  state 
in  ARM.  The  number  of  victims  in  the  less  desirable  ARM  state  is  reduced  by 
reassigning  a part  of  this  number  to  the  more  desirable  state.  Benefits  are 
computed  by  assigning  the  higher  recovery  probability  of  the  more  desirable 
state  to  those  victims  transferred. 

In  performing  benefit  analyses  using  ARM  or  other  models  involving  probability 
assignments  one  should  be  aware  that  missing  data  may  affect  the  probabilities 
being  used  and  thus  affect  the  benefit  calculations.  In  particular,  it  is  known 
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that  many  non-fatal  boating  accidents  are  not  reported.  In  some  cases  these 
accidents  occur  in  essentially  the  same  circumstances  as  do  reported  accidents. 

As  a result,  victim  recovery  probabilities  in  these  circumstances  as  well  as 
the  number  of  victims  potentially  affected  are  greater  than  reported  data  indicate. 
This  may  result  in  a positive  or  a negative  bias  in  the  calculated  benefit  esti- 
mates. 

There  are  two  general  approaches  for  dealing  with  the  difficulties  resulting 
from  this  non-reporting  of  accidents.  One  may  attempt  to  obtain  more  realistic 
estimates  of  the  number  of  accident  victims  in  different  circumstances  using 
insurance  company  claims  data.  Nationwide  Boating  Survey  data  (Reference  IV-8), 
etc.  Unfortunately,  these  sources  probably  will  not  provide  sufficient  data  to 
enable  the  application  of  the  important  multistate  analysis  technique  described 
in  the  next  few  pages. 

Alternately,  one  may  take  the  approach  taken  in  Phase  I of  this  project  (Ref- 
erence IV-2).  In  this  approach  one  makes  assumptions  or  estimates  concerning 
u reported  accidents  and  uses  appropriate  analytic  methods  to  develop  bounds 
oi  or  adjusted  values  for  benefit  estimates.  It  should  be  noted  that  this 
approach  can  become  rather  involved,  but  it  does  allow  for  the  simultaneous  use 
of  multistate  analysis  by  applying  the  methods  to  each  state.  The  interested 
reader  is  referred  to  Reference  IV-2  for  a detailed  discussion  of  this  approach. 

To  express  the  benefit  in  the  form  of  an  equation,  a small  amount  of  notation 

must  be  introduced.  Let  R represent  the  less  desirable  state  with  a victim 

o 

survival  probability  of  p and  let  R represent  the  more  desirable  state  with. 

o 1 

a victim  survival  probability  of  p .*  The  survival  probabilities  are  calculated 
by  dividing  the  number  of  survivors  in  each  state  by  the  number  of  victims 
(survivors  plus  fatalities)  in  that  state.  A simple  diagram  aids  in  the  cal- 
culation: 

R 

0 
R 

1 


* The  R-states  are  those  which  the  project  or  Regulation  will  affect. 
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In  this  diagram  b and  d represent  the  total  numbers  of  victims  in  states  R 

o 

and  R , respectively,  while  a and  c represent  the  numbers  of  survivors  in 
these  states. 

If  a certain  fraction,  r,  of  the  (number  of)  victims  in  R is  reassigned  to 

o 

R , these  victims  will  have  the  higher  recovery  probability  of  R . In  effect, 

(rb)  victims  will  have  their  recovery  probabilities  reassigned  from  p to 

o 

p . This  yields  a benefit  B, 

l 

B = rb  (p  - p ). 

1 o 

By  substituting  PQ  s ^ into  this  equation,  the  benefit  may  also  be  calculated  as 
B = r (bp^  -a). 

This  benefit  calculation  appears  to  be  simple  and  straightforward.  Regrettably, 
there  are  a number  of  complications  which  cannot  be  ignored.  Consider,  for 
instance,  PFD  use.  Boaters  do  not  decide  to  use  or  not  use  PFDs  in  a vacuum. 
Activity,  boat  type  and  length,  water  conditions,  etc.,  all  influence  the 
decision  to  use  a PFD.  In  general,  the  more  severe  the  conditions  a boater 
or  boating  accident  victim  finds  himself  in,  the  more  likely  he  is  to  use  a PFD. 
Thus,  it  is  entirely  possible  for  some  accident  victims  using  PFDs  to  have 
lower  survival  probabilities  than  other  victims  not  using  PFDs,  not  because 
PFDs  are  detrimental  to  survival  but  because  they  tend  to  be  used  more  when 
severe  conditions  are  present. 

It  is  important  to  take  these  interacting  conditions  into  account.  The  pro- 
cess used  to  do  this  has  been  termed  multi  state  benef i t analysis  and,  as 
the  following  hypothetical  example  Illustrates,  failure  to  properly  use  multi- 
state analysis  can  result  in  gross  errors  in  benefit  estimation. 

Consider  the  following  diagrams,  one  for  relatively  non-severe  accident  cir- 
cumstances and  one  for  severe  accident  circumstances.  In  each  diagram  hypo- 
thetical numbers  of  victims  and  survivors  have  been  Included.  As  can  be 
seen,  in  each  case  PFD  use  is  beneficial;  that  is,  it  has  a higher  recovery 
probability  than  non-use. 
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mu* 


Severe 


Suppose  it  Is  estimated  that  in  both  the  severe  and  non-severe  cases  r * 20% 
of  PFD  non-users  can  be  made  PFD  users.  The  benefits  resulting  would  be 


B + B 

1 2 

rb  (p  -p  ) + rb  (p  -p  ) 

1 11  01  2 12  02 

(0.2)  (1000)  (0.99  - 0.98)  + (0.2)  (300)  (0.83  - 0.67) 


2 + 9.6 


« 12  lives  saved  annually. 


Let  us  compare  this  result  with  the  answer  we  get  when  victims  are  not  separated 
according  to  severe  and  non-severe  accident  circumstances.  Summing  the  victims 
and  survivors  In  the  two  cases  yields  the  following  diagram: 


Note  that  in  this  table  p > p so  that  PFD  non-use  appears  to  be  preferable 

o 1 

to  PFD  use.  If  we  were  to  use  this  table  to  calculate  the  benefit  of  trans- 
ferring 20%  of  the  PFD  non-use  victims  to  PFD  use,  we  would  obtain  the  benefit 

B = rb  (p  - p ) 

1 o 

= (0.2)  (1300)  (0.87  - 0.91) 

as  -10  lives  saved  annually. 

We  thus  see  that  if  strongly  interacting  conditions,  such  as  accident  severity, 
are  not  taken  into  account,  gross  errors  can  be  made  in  benefit  estimation 
calculations. 

In  the  following  paragraphs  we  describe  the  multistate  benefit  analysis  approach 
in  greater  detail. 

6.2  Multi  state  Benefit  Analysis 
It  is  imperative  that  the  reader  realize  that: 

THE  NEED  FOR  MULTISTATE  BENEFIT  ANALYSIS  IS  NOT  A RESULT 
OF  ARM  DATA  SAMPLING  BUT,  RATHER,  IS  DUE  TO  THE 
INTRINSIC  NATURE  OF  ACCIDENT  SURVIVABILITY,  WHICH  DEPENDS 
ON  SEVERAL  INTERRELATED  FACTORS. 


To  aid  In  multi  state  benefit  analysis  we  combine  the  diagrams  for  the  different 
interacting  factors.  For  instance,  the  two  diagrams  in  the  above  example  would 
be  combined  as  follows: 


C C 

1 2 

(Non-Severe)  (Severe) 


R (PFD  Not  Used) 
o 


R (PFD  Used) 

l 


The  rows  of  such  a diagram  will  represent  the  states  that  a regulation  or 
program  is  designed  to  transfer  victims  between,  while  the  columns  will 

represent  the  "Correlated"  conditions  C , C , etc.,  which  interact  with 

1 2 

these  states.  We  shall  also  call  these  correlated  conditions  "states"  and  shall 
call  the  intersection  of  R-  and  C-states  "substates."* 

Thus,  in  the  diagram  R C is  the  substate  "PFD  Used-Severe  Conditions."  Bene- 

1 2 

fit  calculations  may  then  be  performed  column -by- column  (C-state  by  C-state) 
and  the  results  summed  to  give  the  total  benefit.  This  is  the  first  method 
used  in  the  above  example,  which  resulted  in  an  annual  benefit  of  12  lives 
saved. 

The  question  now  arises  as  to  how  one  determines  which  C-states  to  use  in  multi - 
state  benefit  analysis.  The  theoretical  ideal  would  be  to  include  all  factors 
and  combinations  of  factors  which  interact  with  the  R-states.  This  would  be 
equivalent  to  using  a regression  approach,  using  as  regressors  dumtiy  variables 
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representing  all  possible  interactions  of  other  factors  with  these  states. 
Unfortunately,  in  most  instances  this  approach  would  result  in  an  unmanageable 
number  of  C-states.  Furthermore,  for  most  of  these  states,  there  would  be 
insufficient  data  in  ARM  and  possibly  even  in  the  entire  accident  population. 

It  is,  therefore,  necessary  to  follow  some  heuristic  procedure  in  order  to 
make  a proper  selection  of  a limited  number  of  C-states.  We  first  suggest 
some  selection  criteria  and  then  present  benefit  estimation  examples. 

6.2.1  Multistate  Analysis  Guidelines 

The  guidelines  we  present  are  just  that.  They  will  help  guide  one  in  heuristically 
determining  an  appropriate  selection  of  C-states.  It  is,  therefore,  possible  for 
two  analysts  to  use  these  guidelines  and  arrive  at  different  selections  of  C-states. 
This  heuristic  approach  is  necessary  because  a totally  statistical  approach  would 
require  an  immense  amount  of  analysis,  far  more  than  could  be  reasonably  perform- 
ed. Even  when  using  these  guidelines  one  can  expect  to  have  to  perform  a signi- 
ficant amount  of  analysis  in  determining  a choice  of  C-states. 

We  first  list  the  guidelines  and  then  discuss/justify  them.  Note  that  R-states 
and  C-states  may  be  thought  of  as  values  of  nominal  variables  R and  C.  For 
instance,  the  R-state  "used  a PFD"  is  a value  of  the  R-variable  "PFD  use." 

Multi  state  Analysis  Guidelines 

1.  Irrespective  of  the  following  guidelines,  C-states  cannot  be  combined  if 
different  transfer  rates  are  to  be  applied  to  them. 

2.  The  variable  R should  show  a strong  statistical  dependence  on  the  variable  C. 

3.  When  restricted  to  state  Rx  (the  state  victims  are  to  be  transferred  into) 
the  variable  "outcome"  ( i . e . , recovery,  fatality)  should  show  a strong 
statistical  dependence  on  the  variable  C. 

4.  The  variable  C should  logically  as  well  as  statistically  interact  with  the 
variable  R. 

5.  The  regulation  or  project  under  consideration  should  not  result  in  the 
transferring  of  victims  between’ C-states;  any  transferring  should  be 
"vertically,"  between  R-states. 
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6.  The  number  of  ARM  victims  for  which  the  C-state  is  unknown  should  be  minimal. 

7.  The  number  of  victims  for  which  the  R-state  is  unknown  must  be  minimal. 

8.  There  should  be  a reasonable  number  of  unweighted  ARM  victims  in  each  substate 

R C.. 
l J 

a.  If  a substate  R C.  contains  few  unweighted  ARM  victims  but  the  state 

l J 

R Cj  contains  many  weighted  ARM  victims  the  state  C-  should  be  combined 
o J J 

with  another  C-state,  if  it  appears  reasonable  to  do  so;  otherwise  the 
selection  of  C-states  should  be  reconsidered. 

b.  If  a substate  R Cj  contains  few  unweighted  ARM  victims  and  the  substate 

R C.  does  not  contain  many  weighted  ARM  victims,  merely  omit  the  C-state 

o J 

(column)  C.  from  the  analysis  (i.e.,  don't  consider  the  victims  in  C, 

J J 

in  arriving  at  a benefit  estimate). 

9.  For  each  C-state  C.  the  recovery  probabilities  p . and  p . and  the  relationship 

J oJ 

(difference,  ratio)  between  these  should  be  reasonable. 

10.  If  either  or  both  of  the  equalities 


hold,  then  states  Cj  and  C^  may  be  combined. 

Discussion 

Guideline  (1)  is  obvious;  if  a regulation  has  different  effects  on  victims  in  dif- 
ferent C-states,  these  victims  must  be  treated  separately.  Guidelines  (2)  and  (3) 
are  immediate  consequences  of  Guideline  (10).  If  in  either  (2)  or  (3)  no  statistical 
dependence  is  shown  then  the  corresponding  equality  in  (10)  is  true  for  all  C-states 
Cj,  Cj.  In  such  a case  they  may  all  be  combined  into  a single  state  and  another 

C-varlable  should  be  chosen.  We  require  strong  statistical  dependence  because  the 
size  of  the  ARM  sample  is  large  enough  that  even  a weak  dependence  will  yield  a 
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significant  statistical  test  value,  and  because  we  desire  to  use  the  C-variable(s) 
which  have  the  strongest  interactions  with  the  R-variable. 

Guideline  (4)  is  required  because  of  the  impractical ity  of  performing  statistical 
tests  on  all  C-variables  to  check  Guidelines  (1)  and  (2).  Guideline  (5)  is  included 
because  transferring  of  victims  between  C-states  severely  (and  unnecessarily)  com- 
plicates the  benefit  estimation  process. 

If  Guideline  (6)  is  not  followed,  three  possible  problems  can  result:  (i)  if 

is  the  C-state  of  unknown  victims,  then  the  actual  C-states  these  victims  are  in 

may  be  highly  dependent  on  their  R-states,  resulting  in  erroneous  estimations  of 

the  benefits  in  transferring  victims  from  RC  toRC;  (ii)  if  the  unknowns  are 

o U 1 u 

omitted  from  the  calculations  then  no  benefits  are  estimated  for  the  victims  in 

R C ; (iii)  the  recovery  probabilities  in  the  states  R C.  might  actually  be 
o u 1 J 

substantially  different  from  those  indicated  by  the  data,  resulting  in  erroneous 
benefit  estimates. 

Guideline  (7)  is  included  for  the  same  kind  of  reasons  as  Guideline  (6).  Although 
it  is  more  important  than  Guideline  (6),  since  the  benefit  estimation  problem  dicates 
the  R-state  used,  there  usually  is  nothing  one  can  do  about  it  other  than  to  realize 
that  its  violation  can  seriously  affect  the  benefit  estimation  results.  This  is 
because  the  recovery  probabilities  can  be  heavily  biased  when  there  is  a signifi- 
cant number  of  victims  with  unknown  R-states. 

Guideline  (8)  is  included  because  a small  sample  size  in  an  R C.  substate  can  result 

1 J 

in  a sampling  bias  in  the  recovery  probability  in  that  state,  which  in  turn  results 
in  an  incorrect  benefit  estimate  in  the  C-state  C^.  Combining  C-states  as  in  (8a) 

reduces  the  possibility  of  such  a bias  by  increasing  sample  size.  In  fact  one 
usually  begins  by  combining  certain  compatible  values  of  the  C-variable  to  help 
insure  adequate  sample  size.  Guideline  (8b)  merely  says  that  if  only  a relatively 
few  victims  in  a particular  C-state  might  benefit  from  a regulation,  the  final 
benefit  estimate  will  not  be  affected  much  if  they  are  left  out.  Guideline  (9) 
also  has  to  do  with  biases.  If  the  numbers  don't  look  right  either  one's  judgment 
is  wrong  or  there  are  biases  in  the  data.  These  may  be  sample  biases  or  they  may 
be  due  to  errors  in  data  coding,  setting  up  the  computer  run,  etc. 
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Comment  (10)  is  the  result  of  mathematical  theorems.  These  are  presented  and  proved 
in  Appendix  IV-B. 

The  nature  of  Guidelines  (1)  and  (2)  require  the  use  of  statistical  computations  to 
measure  the  interaction  between  variables.  We  shall  describe  these  in  terms  of 
Guideline  (1),  a similar  description  holds  for  Guideline  (2). 

Because  of  the  reasonably  large  ARM  sample  size,  almost  any  choice  of  C-states  will 
show  some  statistical  interaction  with  the  R-states.  Two  means  of  measuring  this 
interaction  are  suggested,  both  of  which  are  available  as  SPSS  statistical  options. 

The  R-states  and  C-states  may  be  thought  of  as  values  of  nominal  variables  R and  C. 

A crosstabulation  of  these  variables  may  be  made,  each  cell  of  the  crosstabulation 
containing  the  weighted  ARM  victim  (survivor  and  fatality)  frequency  in  a particular 
R.C,  substate.  An  ordinary  chi-square  statistic  may  then  be  calculated  for  this 

• J 

table.  Because  this  statistic  is  strongly  dependent  on  sample  size  and  it  is  cal- 
culated on  weighted  data,  it  must  be  adjusted  for  the  weighting  by  multiplying  it 

by  the  ratio  where  N is  the  total  weighted  sample  size  in  the  table  and  n is  the 

total  sample  size  in  a corresponding  table  of  unweighted  victim  frequencies.  The 
upper-tail  probability  (significance  level)  corresponding  to  the  adjusted  chi-square 
value  may  then  be  found.  The  tables  and  charts  in  Appendix  VII  of  Reference  IV- 3 
are  particularly  recommended.* 

It  is  suggested  that  crosstabulations  for  several  selections  of  C-variables  be  made 
and  the  resulting  upper-tail  chi-square  probabilities  compared.  Those  selections 
showing  strong  interactions  (small  probabilities)  are  good  candidates  for  the  final 
C-state  selection. 

Because  even  the  unweighted  sample  size  will  usually  be  fairly  large,  several  of 
the  crosstabulatior.s  may  yield  extremely  small  probabilities.  A second  statistic, 
the  Reduction  in  Uncertainty  Coefficient,  U,  may  then  be  useful  as  a supplement  to 
the  chi-square  calculation  or  even  as  an  alternative  to  it.  U is  an  asymmetric 
statistic  which  measures  the  dependence  of  one  variable  on  another.  For  our  purposes, 
the  U statistic  which  measures  the  dependency  of  R on  C in  weighted  frequency  cross- 

* Note  that  in  some  printings  of  this  reference,  the  row  and  column  headings  in 
Table  1 of  this  appendix  are  reversed  and  must  be  interchanged. 
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tabulations  is  appropriate.  A formula  for  this  statistic  may  be  found  in  Reference 
IV-4,  p.  226  or  Reference  IV -5,  p.  751.  The  value  of  U is  independent  of  sample 
size  and  varies  between  0 and  1,  larger  values  indicating  greater  dependence. 

In  spite  of  the  guidelines  which  have  been  given,  an  individual  using  multistate 
analysis  may  expect  to  perform  numerous  crosstabulations  and  statistical  analyses 
as  part  of  the  analysis.  One  must  also  realize  that  a failure  to  properly  use  the 
multistate  method  could  result  in  an  overestimation  of  benefits  instead  of  an  under- 
estimation, as  in  the  example.  To  see  this,  one  may  merely  reverse  the  roles  of  R 

o 

and  R in  the  previous  example. 

6.3  Benefit  Estimation  for  Increased  PFD  Use 

In  this  example,  benefits  from  increasing  PFD  use  were  calculated.  The  appropriate 
variable  in  ARM  is  Variable  30,  "PFD  Availability  and  Use."  As  a coding  tree  is 
used  for  this  variable,  it  was  possible  to  code  partial  information  on  PFD  use  and, 
in  fact,  this  did  occur  to  a significant  extent.  Consequently,  it  was  decided  to 
combine  the  victim  frequencies  for  different  variable  values  into  three  R-states: 

PFD  Used,  PFD  Not  Used,  and  PFD  Use  Unknown.  Benefits  were  calculated  for  the 
transfer  of  victims  from  "PFD  Not  Used"  to  "PFD  Used."  These  calculations  were 
made  under  the  assumption  that  the  only  change  would  be  in  PFD  use.  It  was  assumed 
that  other  factors,  such  as  the  mix  of  PFD  types  and  their  overall  effectiveness, 
would  remain  unchanged.  The  "PFD  Use  Unknown"  state  was  not  used  in  the  benefit 
calculations.  This  was  justified  on  the  grounds  that  in  almost  every  instance, 
whether  considered  in  an  overall  context  or  in  a multistate  context,  the  recovery 
probabilities  in  this  state  were  higher  than  in  the  "PFD  Used"  state.  The  reason 
for  this  anomaly  of  higher  recovery  probabilities  in  the  "PFD  Use  Unknown"  state 
is  uncertain,  but  is  most  likely  due  to  less  information  being  furnished  in 
reports  of  less  severe  accidents,  so  that  this  state  tends  to  reflect  less  severe 
accidents  with  higher  recovery  probabilities. 

6.3.1  Analysis 

As  described  in  the  Technical  Details  section,  p.  IV-67,  the  multistate  analysis 
guidelines  were  used  to  select  appropriate  C-variables  which  interacted  strongly 
with  the  "PFD  Use"  R-variable.  The  three  "best"  choices  for  a C-variable  showed 
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equally  strong  interactions  with  the  "PFD  Use"  R-variable.  These  three  variables 
were  derived  by  combining  the  "Final  Configuration  of  Boat"  variable  (24)  with 
each  of  the  variables  "Boat  Type"  (17),  "Activity"  (18),  and  "Accident  Type"  (16). 

No  objective  criteria  could  be  found  for  selecting  one  of  these  variables  as 
"best"  and  sample  size  limitations  prevented  combining  three  variables,  so  bene- 
fit estimates  were  calculated  separately  with  each  of  these  C-variables.  Because 
the  three  sets  of  benefit  estimates  varied  widely  and  there  were  no  objective 
criteria  for  preferring  one  over  another,  averages  (means)  of  these  estimates 
were  also  calculated.  Table  IV-22  summarizes  the  results  of  these  estimation 
calculations.  The  methods  used  in  obtaining  these  estimates  are  described  below. 

Benefits  due  to  current  PFD  use  were  calculated  by  estimating  the  number  of  lives 
which  would  be  lost  If  no  one  used  a PFD.  This  was  done  by  transferring  all  PFD 
users  In  each  C-state  to  the  corresponding  PFD  non-use  state,  that  is,  by  assign- 
ing PFD  users  In  each  C-state  the  recovery  probability  of  non-users  in  that  state. 

By  then  subtracting  the  current  number  of  survivors  using  PFDs,  the  loss  from 
non-use  was  obtained.  This  potential  loss  Is,  then,  the  benefit  from  current 
use.  We  Illustrate  these  calculations  with  the  calculation  based  on  the  C-variable 
"Final  Boat  Configuration  X Boat  Type."  The  recovery  probabilities  and  victim 
frequencies  are  taken  from  Table  IV-25. 

Benefit  due  to  current  use: 

* - (loss  due  to  non-use) 

- - [(0.927)  (415.34)  + (0.966)  (166.71)  + (0.959)  (203.72)  + (0.834)  (386.68) 
+ (0.923)  (472.67)  + (0.856)  (187.31)  + (0.962)  (261.86)  + (0.946)  (102.72) 

- (0.938)  (2197.01)] 

« 50  lives 

Benefits  resulting  from  maximum  (1001)  PFD  use  were  obtained  by  first  estimating 
the  benefits  resulting  from  Increasing  PFD  use  from  its  current  state  to  100% 
use.  This  was  done  by  transferring  all  non-users  In  each  C-state  to  the  corres- 
ponding PFD  use  state,  that  Is,  by  assigning  PFD  non-users  In  each  C-state  the 
recovery  probability  of  users  In  that  state.  The  total  benefit  from  maximum  PFD 
use  was  then  obtained  by  adding  to  this  incremental  benefit  the  benefit  from 
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current  use.  Again,  the  C-varlable  "Final  Boat  Configuration  X Boat  Type"  Is 
used  to  Illustrate  the  calculation. 

TABLE  IV-22.  ANNUAL  BENEFITS  RESULTING  FROM  PFD  USE 


(Benefits,  In  lives  saved,  calculated  from  a zero  use  rate  base.) 


C-Varlable 

Benefit  From  Current  Use 

Benefit  From  Maximum 
(100%)  Use 

Final  Boat  Configuration 

X Boat  Type 

50 

258 

Final  Boat  Configuration 

X Activity 

123 

490 

Final  Boat  Configuration 

X Accident  Type 

124 

598 

Averaged  Values 

99 

449 

Benefit  due  to  maximum  (100%)  use: 

* (Incremental  benefit  due  to  Increasing  use  from  current  amount  to  100%  use) 
+ (Benefit  from  current  use) 

= [(0.934)(3502.48)  + (0.993) (1613. 12)  + (0. 955) ( 1 747. 63)  + (0.820) (1466.29) 

+ (0.075  ) 044.54)  + (0.910)(697.23)  + (0.991 ) (268. 09)  + (1 .00)(1838.51 ) 

- (0 . 925) (11 473 . 89 ) ] + 50 
« 258  lives. 

The  averaged  values  In  Table  IV-22  were  obtained  by  simply  averaging  the  benefit 
estimates  for  the  three  different  C-variables. 

As  described  above  the  "PFD  Use  Unknown"  state  was  not  used  In  any  benefit  calcu- 
lations. If  most  of  the  victims  in  this  state  were  actually  users,  we  would  have 
larger  benefit  estimates,  while  If  most  were  non-users  we  would  have  smaller 
estimates.  It  Is  Impossible  to  determine  where  to  place  these  Individuals.  One 
could  obtain  a range  of  benefit  values  by  first  considering  all  of  them  as  users 
and  then  considering  all  of  them  as  non-users,  computing  benefit  estimates  for 
both  extremes.  Of  course.  In  this  case  the  lower  estimates  would  be  negative. 
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One  might  also  distribute  these  unknown  cases  using  a more  complex  method,  such 
as  distributing  the  recoveries  between  "PFD  Used"  and  "PFD  Not  Used"  in  the  same 
proportions  as  are  the  recoveries  in  these  states  and  distributing  the  unknown 
fatalities  in  an  analogous  manner.  Me  chose  to  use  none  of  these  methods  as  we 
have  no  way  of  determining  a preference  for  one  over  another. 

PFD  use  can  be  thought  of  as  resulting  from  two  factors.  A certain  "base"  amount 
of  PFD  use  results  from  individuals  who  regularly  use  PFDs  in  almost  all  circum- 
stances. Additional  PFD  use  results  from  individuals  who  use  PFDs  only  in  certain 
circumstances.  The  regular  users  of  PFDs  contribute  a certain  base  PFD  use  rate, 

y , under  all  circumstances.  A reasonable  choice  of  a value  for  y is  the  mini- 
o o 

mum  of  the  C-state  use  rates.  After  eliminating  instances  in  which  there  was 

clearly  insufficient  data,  the  minimum  victim  use  rates  for  the  three  C-variables 
used  in  the  benefit  calculations  were  found  to  vary  from  5.1%  to  5.3%  with  an 
average  of  5.2%.  This  average  base  rate  was  used  as  the  base  rate  yq  in  our  cal- 
culations. It  should  also  be  noted  that  use  rate  calculations  were  based  only  on 
victims  for  whom  PFD  use  or  non-use  was  known. 

Let  Yi  denote  the  PFD  use  rate  in  a state  C-.  Then  the  total  number  df  of  PFD 
users  in  state  Ci  can  be  expressed  as: 

di  * Yi^bi  + di^ 

= y (bi  + d.)  + 6i(l  - yq)  (bi  + V 

"regular"  circumstance - 

users  Induced  users 

The  quantity  <5.  is  that  fraction  of  the  (1  - y ) = 94.8%  non-regular  PFD  users  who 
1 o 

use  a PFD  as  a result  of  being  in  state  C^.  5^  may  be  thought  of  as  a circumstance - 

Induced  use  rate.  Note  that  y<  * y + 4,(1  - y ) * 0.052  + 0.948  6,,  at  the 

• o 1 o 1 

current  base  use  rate.  It  Is  reasonable  to  assume  that  a Coast  Guard  program  or 
regulation  designed  to  Increase  the  base  PFD  use  rate  will  not  affect  the  cir- 
cumstance-induced rates  5^.  In  fact,  it  can  be  shown  (see  Reference  IV-2)  that 
the  assumption  that  the  6,  values  will  remain  constant  Is  equivalent  to  the 
assumption  that  the  same  fraction  of  non-users  are  transferred  to  user  status  in 
each  state,  l.e. , that  the  transfer  rates  r^  are  the  same  for  all  states  Cj. 

These  assumptions  Imply  that  the  benefit  B Is  a linear  function  of  the  base  use 

rate  y • 
o 


IV-66 


Using  the  averaged  benefit  values  in  Table  IV-22,  we  obtain  the  equation*  for  the 

annual  benefit  of  PFD  use  as  a function  of  base  use  rate  y : 

o 

B = 369. 2y  + 79.8* 
o 

Figure  IV-8  shows  a graph  of  this  function  and  illustrates  current  use  benefits 
as  well  as  an  example  of  benefits  derivable  from  a higher  (50%)  estimate.  Note 
that  79.8  is  the  benefit  from  circumstance-induced  use  when  the  base  use  rate  is 
0.  The  reader  is  reminded  that  this  figure  is  based  on  the  assumption  that  factors 
other  than  PFD  use,  such  as  PFD  effectiveness,  remain  unchanged. 

Finally,  it  should  be  noted  that  a Coast  Guard  program  might  not  affect  only  the 
base  PFD  use  rate,  but  might  also  differentially  affect  the  overall  use  rates  and 
circumstance-induced  use  rates.  To  perform  calculations  involving  varying  use  rate 
changes,  the  multistate  method  must  be  used,  benefits  being  calculated  C-state  by 
C-state. 

6.3.2  Technical  Details 

The  first  step  in  the  analysis  has  already  been  described;  the  R-variable  "PFD 
Use"  was  given  three  values  (R-states):  PFD  Used,  PFD  Not  Used,  and  PFD  Use 
Unknown.  The  next  step  was  to  select  the  C-variable(s)  which  interacted  most 
strongly  with  PFD  use,  so  that  multi  state  benefit  analyses  could  be  performed. 
Initially,  each  coded  ARM  variable  was  considered,  a determination  being  made 
as  to  whether  or  not  it  might  logically  be  associated  with  PFD  use.  The  values 
of  each  potentially  associated  variable  were  then  grouped  into  C-states  on  the 
basis  of  how  they  appeared  to  be  related.  For  instance,  the  "Body  of  Water" 
variable  values  were  not  grouped  at  all,  while  the  "Boat  Length"  variable  values 


* This  equation  is  derived  by  substituting  into  the  general  equation,  B = ay  +6, 

the  averaged  benefit  values. in  Table  IV-22  along  with  the  corresponding  base 
use  rates.  Thus, 

99  ■ o(0.052)  + b (current  use) 

449  - a(1.00)  + 6 (100%  use). 

Solving  these  equations  simultaneously,  we  obtain  a * 369.2,  e * 79.8. 
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were  grouped  into  five  C-states:  4 ft  (1.2  m)  through  15  ft  (4.6  m),  16  ft 
(4.9  m)  through  20  ft  (6.1  m),  21  ft  (6.4  m)  through  26  ft  (7.9  m),  27  ft 
(8.2  m)  and  greater,  and  Unknown. 

Using  SPSS  (Reference  IV-4)  on  the  ARM  data  base,  separate  crosstabulations  of 
the  R-variable  "PFD  Use"  and  each  of  the  potentially  associated  C-variables  were 
made.  Two  crosstabulations*  with  each  C-variable  were  made,  one  with  weighted 
victim  frequencies  and  one  with  unweighted  victim  frequencies.  The  R-state  "PFD 
Use  Unknown"  was  not  included  in  any  of  the  crosstabulations  as  it  was  not  used 
in  the  benefit  calculations.  Chi-square  and  Uncertainty  Coefficient  statistics 
were  computed  for  each  crosstabulation. 

The  chi-square  value  for  each  crosstabulation  of  weighted  victim  frequencies  was 
adjusted  for  the  weighting  by  multiplying  it  by  0.0778,  the  ratio  of  the  unweighted 
sample  frequency  total  (1126)  to  the  weighted  frequency  total  (14473),  and  the 
upper-tail  probability  corresponding  to  each  adjusted  chi-square  was  determined 
from  the  tables  in  Reference  IV-3.  Each  C-variable  was  then  accepted  or 
rejected  for  further  analysis  on  the  basis  of  the  following  points: 

• Chi-square  upper-tail  probability  (significance  level)  p 

• Uncertainty  Coefficient  value,  U 

• Fraction  of  weighted  frequency  total  for  which  the  C-state  was  unknown 

• The  possibility  that  a change  in  a victim's  R-state  would  result  in  a 
change  in  his  C-state  (C-state  transferrence). 

Table  IV-23  lists  the  C-variables  considered,  and  the  acceptance  decision  for  each. 
The  variable  "Behavior/Circumstances"  was  conditionally  accepted  because  it,  along 
with  "Final  Boat  Configuration"  showed  the  greatest  interaction  with  "PFD  Use."  Of 
the  remaining  accepted  C-variables,  "Boat  Type"  showed  the  strongest  interaction. 

The  next  step  involved  the  pairwise  combining  of  the  accepted  C-variables  to  create 
new  variables  which  would  have  even  stronger  interactions  with  "PFD  Use."  Exam- 
ples of  these  variables  are  found  in  Table  IV-24.  As  the  new  variables  would 
have  many  more  values  (C-states),  the  sample  (victim)  frequencies  for  these 
values  would  be  smaller,  resulting  in  less  reliable  recovery  probabilities. 
Consequently,  the  values  of  each  accepted  C-variable  were  checked  for  low 

* Example  crosstabulations  of  weighted  data  are  shown  in  Appendix  IV-C. 
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TABLE  IV-23.  C-VARIABLES  TESTED  AGAINST  PFD  USE 


12  - Boat  Length 

Rejected  - p too  large,  U too  small 

13  - Number  of  Persons  on  Board 

Rejected  - p too  large,  U too  small 

16  - Accident  Type 

Accepted 

17  - Boat  Type 

Accepted 

18  - Activity 

Accepted 

19  - Body  of  Water 

Rejected  - p too  large,  IL  too  small 

20  - Distance  to  Shore/Vessel 

Rejected  - too  many  unknowns 

22  - Victim's  Sex 

Rejected  - too  many  unknowns,  U too  small 

23  - Victim's  Age 

Rejected  - too  many  unknowns,  p too  larqe 

24  - Final  Boat  Configuration 

Accepted 

26  - Victim's  Condition 

Rejected  - p too  large 

28  - Behavior/Circumstances 

Conditionally  accepted  - possibility  of 

C-state  transferrence 

37  - Water  Temperature 

Rejected  - too  many  unknowns 

38  - Time  in  Water 

Rejected  - too  many  unknowns 

39  - Water  Condition 

Accepted 

50  - Type  of  Power 

Rejected  - too  many  unknowns 

Certain  other  variables  were  immediately  rejected  because  there  clearly  was 
insufficient  data  for  them  to  be  considered. 
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TABLE  IV-24.  C-VARIABLES  USED  IN  BENEFIT  CALCULATIONS 


Each  variable  is  the  result  of  combining  two  (modified)  ARM  variables,  one  of 
which  is  "Final  Boat  Configuration."  The  body  of  the  chart  gives  the  variable 
values.  For  example,  the  new  variable  "Final  Boat  Configuration  x Boat  Type" 
has  the  value  "5"  for  swamped  cabin  motorboats  and  swamped  houseboats,  and  has 
the  value  "10"  in  all  cases  where  the  boat  type  or  the  final  boat  configuration 
is  unknown. 


Final  Boat  Configuration 

New 

Variable 

Upright  and 

Un swamped 

Swamped 

Sunk 

Unknown 

C 

o 

Open  Powerboat 

1 

4 

7 

10 

<0  tO  >» 

O S-  h- 
CO  3 

Ol  4-> 

Cabin  Motorboat 
or  Houseboat 

2 

5 

8 

10 

(O  O 

C C CD 

Other  known  boat  type 

3 

6 

9 

10 

ILUX 

Unknown  boat  type 

10 

10 

10 

10 

e 

o 

Pleasure  crusing 

1 

5 

9 

13 

4->  >> 

«0  «0  4>> 

Fishing  or  hunting 

2 

6 

10 

13 

CD  3 > 
cn 

Water  skiing 

3 

7 

11 

13 

c c < 

Other  known  activity 

4 

8 

12 

13 

u.  u x 

Unknown  activity 

13 

13 

13 

13 

s. 

c >> 

O h- 

+-> 

Col  1 i sions/Groundings 

1 

5 

9 

13 

Swampings/Capsi zi ngs/ 

FI oodings/Sinkings 

2 

6 

10 

13 

to  c 

O V.  <1> 

Fires/Explosions 

3 

7 

11 

13 

CDf- 

c c < 

Other  known  accident 
types 

4 

8 

12 

13 

Li-  <3  X 

Unknown  accident  type 

13 

13 

13 

13 
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unweighted  victim  frequencies.  In  those  instances  where  small  frequencies  were 
found,  values  were  combined  if  it  was  logically  acceptable  to  do  so,  or  omitted 
if  it  was  not. 

Combining  variables  to  form  new  ones  and  obtaining  crosstabulations  with  the  new 
variables  require  a rather  large  amount  of  SPSS  coding  and  computer  time.  There- 
fore, only  those  variables  were  combined  which,  it  was  believed,  would  yield  the 
greatest  interactions.  In  particular,  as  "Final  Boat  Configuration"  had  the 
greatest  interaction  with  "PFD  Use,"  this  variable  was  combined  with  each  of  the 
other  acceptabed  C-variables.  Also,  as  the  conditionally  accepted  "Behavior/ 
Circumstances"  variable  had  the  next  strongest  interaction  with  "PFD  Use,”  it 
was  combined  with  the  variables  "Final  Boat  Configuration"  and  "Boat  Type," 
which  also  had  strong  interactions  with  "PFD  Use." 

Weighted  and  unweighted  victim  frequency  crosstabulation  of  "PFD  Use"  with  each 
of  the  new  variables  was  made.  As  before,  adjusted  chi-square  statistics  and 
Uncertainty  Coefficients  were  obtained  and  on  the  basis  of  these,  three  of  the 
new  C-variables  were  found  to  have  the  strongest  interactions  with  "PFD  Use." 

Table  IV-24  contains  descriptions  of  these  variables.*  As  all  three  showed 
equally  strong  degrees  of  association  with  "PFD  Use,"  each  was  used  in  calculat- 
ing benefits  resulting  from  increasing  PFD  use. 

To  calculate  benefits,  three-way  crosstabulations  were  made  with  each  of  the 
selected  C-variables.  Weighted  and  unweighted  frequency  crosstabulations  of 
"Outcome"  by  C-variable  by  "PFD  Use"  were  obtained.  These  tables  yielded  the 
recovery  probabilities  and  victim  frequencies  needed  for  the  benefit  calcula- 
tions. In  a few  instances  (R.C^  substates)  unreliable  recovery  probabilities, 
due  to  small  unweighted  victim  frequencies,  were  found  in  the  "PFD  Use"  state 
and,  as  the  involved  C-states  could  not  be  logically  combined  with  other  C-states, 
they  were  omitted  from  the  benefit  calculations.  Table  IV-25  contains  the 
recovery  probabilities  and  victim  frequencies  used  in  the  three  multistate 
analyses. 


* The  new  variable  "Final  Boat  Configuration  x Water  Conditions"  and  the  new 
variables  Involving  "Behavior/Circumstances"  had  weaker  Interactions  with 
"PFD  Use"  than  did  these  three  variables. 


TABLE  IV-25.  MULTISTATE  ANALYSIS  TABLES  FOR  PFD  USE 


I VI  4-> 
4)  O 
: c 


41 

-Q  -t->  S- 
4»  C * 

I ft  <Q 
3 3 VI 
O’  4) 

VI  i- 

V 4> 

— S-  — 

<J  <«  •*-> 

c c 

4)  * <0 

3«I3  • 

O'  4)  O'  VI 

OJ  c 

i-  J3  <V  O 

1-  It  Mi- 

+■>  o>  +j 
£ -C  — 
•*“  41  H-  C 

*->  -C  i- 

U ■*->  <*- 

•—  . <u 

> -g 

O V) 

T3  01  4) 
01  VI  S.  3 
*■>  >0  41  f— 
-Cl l*J  fl 
CT)  S_  C > 

•r*  iQ  ^ 

41  41 

i)  o -a 
-o-o  <a 

C «3  01  -f- 
<B  -C  -O  s_ 

vi  ia 

VI  >,  > 

II  91  s 
— -C  = i- 
•M  <->  O 
•<-  -C  >4- 

>—  c u 


CM 

J 


-3  -C 

3 - S 

-c  -o 

O O -M  £ 
S-  -O  3 ^ 
0.^3  -O  1) 

>l  O *S 

s-  C V)  (O 
1)  ■*-  C I— 

2 ° 

0 O 1-  4) 

U VI  4-1  0) 

11  r-  IO  VI 
S-  < — 

3 

01  U • 
-C  • •—  (/) 
4->  VI  (Q  0) 

..  C U 3 
V*  o — 
OJ  •—  4)  (O 
■*  *->  .C  > 

3 S r— 
41  U'i-  iO 

3 43  4) 
3 <J  4J  > 
*■>  Vi  O 
VI  3 

4)  41 

<a  >i  o 4-> 

■W  — c 

VI  IQ  c 

•I-  C Olf 
W |Q  L 

— o-o 

3 2 0) 

£.0*3 
-C  OJ  (J  — 
U C •*-  U 
3 4>  -C  C 
W3  J'o 


IV- 73 


MMMMMBi 


L 


*»  - 


"«r- 


TABLE  IV-25.  MULTISTATE  ANALYSIS  TABLES  FOR  PFO  USE  (continued) 
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TABLE  IV-25.  MULTISTATE  ANALYSIS  TABLES  FOR  PFD  USE  (concluded) 
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6.4  Level  Flotation  Benefits 


The  Coast  Guard  has  recently  promulgated  a regulation  which  essentially  re- 
quires that  all  outboard  powerboats  under  20  ft  (6.1  m)  in  length  float  in 
a level  position  if  they  become  swamped  or  capsized.  It  was  our  original  in- 
tention to  obtain  an  estimate  of  the  minimum  potential  benefit  of  this  regu- 
lation. However,  analyses  of  ARM-generated  data  showed  that  it  would  be 
impossible  to  arrive  at  such  an  estimate  using  the  data  currently  in  the  ARM 
data  base.  Thus,  estimates  of  an  upper  bound  on  the  potential  benefit  of  the 
level  flotation  regulation  were  obtained. 

The  estimate  we  obtained  for  an  upper  bound  on  the  potential  benefit  of  the 
level  flotation  regulation,  assuming  full  implementation,  was  263  lives  saved 
annually.  In  the  following  pages  we  shall  describe  the  method  used  in  arriv- 
ing at  this  estimate.  Because  much  of  this  analysis  follows  the  same  pattern 
as  did  the  benefit  analysis  for  PFD  use,  our  description  will  be  less  detail- 
ed. 

As  the  regulation  only  affects  outboard  power  boats  under  20  ft  (6.1  m)  in 
length,  our  analyses  were  restricted  to  data  covering  such  boats,  with  a slight 
modification.  Boat  length  data  in  ARM  were  rounded  to  the  nearest  foot  so  that, 
for  instance,  boats  of  length  19  ft  7 in.  (5.9  m)  were  coded  as  20  ft  (6.1  m). 
Consequently,  it  was  necessary  to  base  our  analyses  on  ARM  data  for  outboard 
powerboats  less  than  or  equal  to  20  ft  (6.1  m)  in  length.  An  adjustment  also 
had  to  be  made  for  victim  weighting  in  ARM.  Victim  weights  were  based  on  the 
entire  data  base.  However,  "Type  of  Power"  was  only  coded  in  the  current 
year's  coding  effort.  Therefore,  as  described  later,  the  benefit  bound  values 
obtained  using  weighted  ARM  data  had  to  be  adjusted  by  multiplying  by  a suitable 
factor; 

Since  data  on  recovery  probabilities  for  level  flotation  boats  are  not  available, 
our  Initial  analyses  were  performed  to  answer  the  question:  Could  victim 
recovery  probabilities  for  sampled,  level ly  floating,  swamped  or  capsized  boats 
be  used  as  realistic  minimum  estimates  of  recovery  probabilities  for  the  new 
level  flotation  boats?  Multistate  analyses  Indicated  that  they  could  not.  In 
almost  all  Instances  It  was  found  that  victim  recovery  probabilities  for  levelly 
floating,  swamped  or  capsized  boats  were  actually  less  than  recovery  probabilities 
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for  boats  which  were  not  floating  level  or  were  sunk!  Boats  complying  with  the 
new  level  flotation  regulation  will  perform  quite  differently  when  swamped  than 
do  current  boats  which  happen  to  float  level  when  swamped.  In  particular,  boats 
satisfying  the  regulation  will  be  much  more  stable  and  unlikely  to  capsize  once 
they  become  swamped.  The  current  boats  are  not  at  all  stable  when  swamped  and 
are  very  likely  to  capsize.  The  recovery  probabilities  for  victims  in  boats 
equipped  with  level  flotation  will,  therefore,  be  significantly  greater  than 
those  for  current,  levelly  floating  boats. 


Because.it  was  impossible  to  obtain  credible,  minimum  recovery  probabilities 
for  accident  victims  in  level  flotation  boats,  it  was  decided  that  the  best 
that  could  be  achieved  would  be  upper  bound  estimates  for  the  benefits  of  the 
level  flotation  regulation.  To  obtain  these  estimates,  recovery  probabilities 
in  accidents  when  the.  boat  remained  upright,  level  and  unswamped  were  used.  The 
use  of  these  probabilities  raised  serious  questions.  The  most  important  of  these 
concerned  the  fact  that  most  accidents  in  which  boats  remain  upright,  level 
and  unswamped  are  essentially  different  in  nature  from  those  in  which  boats 
are  swamped,  capsized,  or  sunk.  In  fact,  in  the  ARM  sample  used,  only  the 
"collisions/groundings"  accident  type  was  represented  in  both  categories. 

It  thus  was  necessary  to  assume  that  recovery  probabilities  for  different  ac- 
cident types  could  be  combined.  To  partially  offset  errors  caused  by  this  as- 
sumption, it  was  decided  to  obtain  a range  of  upper  bound  estimates  for  the 
level  flotation  benefit  and  use  the  maximum  of  this  range. 


One  estimate  was  obtained  by  using  the  overall  victim  recovery  probabilities  and 
frequencies  for  all  victims  in  the  sample.  These  were  as  follows: 


Swamped,  Capsized  or  Sunk  Boats 
Upright,  Level,  Unswamped  Boats 


Victims 

818.23 

1843.54 


Recovery 

Probability 

0.775 

0.931 


(There  were  also  1094.33  victims  with  recovery  probability  0.968  for  whom  the 
final  boat  configuration  was  unknown. ) 
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This  yielded  a sample  benefit  bound  of  127  lives  which,  as  described  above,  had 
to  be  adjusted  to  take  into  account  the  fact  that  "Type  of  Powering"  was  only 
coded  for  part  of  the  ARM  sample.  This  adjustment  is  described  below. 

Multistate  analyses  were  also  performed  in  a manner  similar  to  that  described  for 
the  PFD  use  example.  Among  the  reasonable  choices  for  variables,  "Activity"  was 
found  to  show  the  strongest  interaction  with  the  "unswamped"  vs.  "swamped,  etc." 
categorization.  The  relevant  data  is  presented  in  Table  IV-26.  The  (unadjusted) 
benefit  bound  found  in  this  analysis  was  93  lives.  Note  that,  in  this  instance, 
multistate  analysis  yielded  a smaller  benefit  value  than  was  yielded  by  the 
overall  recovery  probabilities  and  victim  frequencies. 


A number  of  other  multistate  benefit  analyses  using  lesser-interacting  variables 
were  also  performed.  Almost  all  yielded  values  close  to  one  of  the  two  primary 
values,  93  and  127,  that  we  obtained.  A multistate  analysis  in  which  two  vari- 
ables were  combined  to  yield  a third  new  C-variable  was  not  performed  due  to 
the  relatively  small  sample  size  of  270  unweighted  victims.  Also,  victim  fre- 
quencies in  instances  where  the  final  boat  configuration  was  unknown  were  not 
included  in  the  benefit  bound  calculations. 

As  described  earlier,  "Type  of  Power"  was  only  coded  for  a portion  of  the  ARM 
data  base.  Therefore,  an  adjustment  factor  had  to  be  applied  to  our  bound 
estimates.  Now,  the  victim  frequency  weighting  in  ARM  was  based  on  1975  fatal- 
ity statistics.  Coast  Guard  year-end  data  indicate  that  720  fatalities  occurred 
in  1975  involving  20  ft  (6.1  m)  or  under  outboard  boats,  while  the  ARM  sample 
contains  347.10  such  fatalities.  An  appropriate  adjustment  factor  is,  therefore. 


720 

157710 


2.07 


The  unadjusted  upper  benefit  bound  values  we  obtained  were  93  and  127  lives. 

The  adjusted  values  are,  therefore,  193  and  263  lives.  As  there  is  no  method 
for  determining  which  of  these  values  Is  more  "correct"  and  as  the  aim  of  our 
analysis  is  the  determination  of  an  upper  bound  on  the  benefit  of  level  flota- 
tion, we  choose  the  value  of  263  lives  saved  as  an  upper  bound  on  the  estimated 
annual  benefit  of  the  level  flotation  regulation,  assuming  full  implementation. 
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TABLE  IV-26.  MULTISTATE  ANALYSIS  TABLE  FOR  LEVEL  FLOTATION 


This  upper  bound  value  may  be  compared  with  an  estimate  independently  obtained 
by  Kissinger  (Reference  IV-9)  using  other  methods.  Kissinger  estimated  that 
the  standard  would  save  210  lives  a year  if  it  were  fully  implemented.  This 
analysis  was  based  on  a yearly  fatality  total  of  1446,  the  number  of  fatalities 
in  1974.  As  our  upper  bound  estimate  is  based  on  the  use  of  a 1975  fatality 
total  of  1489,  to  compare  our  estimate  with  Kissinger's  we  should  compare  the 
"lives  saved  to  fatalities"  ratios.  These  ratios  or  "fatality  reduction  rates" 
are 


* 0.145  for  Kissinger's  estimate  and 
263 

= 0.177  for  our  upper  bound  estimate. 

Considering  the  difficulties  encountered  in  our  analysis,  these  estimates  are 
remarkably  close. 

The  reader  is  reminded  that  both  Kissinger's  and  our  benefit  estimates  are  com- 
puted on  the  assumption  of  full  implementation  of  the  standard.  As  the  standard 
applies  only  to  new  boats,  the  yearly  benefits  during  the  first  few  years  it 
is  in  effect  will  be  significantly  less  than  the  "full  implementation"  benefit. 
Procedures  for  estimating  the  year-by-year  benefits  are  presented  in  Section 
VI-4.3  as  are  estimates  of  the  benefits  through  1981. 

6.5  Benefits  Resulting  from  a Decision  to  Stay  with  One's  Boat 

In  many  instances  an  accident  victim  can  decide  whether  to  stay  with  his  boat  or 
not.  Would  such  a victim  be  better  off  staying  with  his  boat  rather  than  leav- 
ing it?  To  answer  this  question  we  employed  multistate  benefit  analyses  using 
ARM  data.  Our  analyses  indicate  that  for  those  accidents  which  cause  a boater 
to  immediately  enter  the  water,  a small  number  of  additional  lives  might  be  lost 
if  boaters  who  leave  their  boats  would  Instead  decide  to  stay.  This  result 
applies  to  the  current  mix  of  boats,  which  includes  extremely  few  level  flotation 
boats.  There  is  evidence  for  believing  that  once  large  numbers  of  level  flo- 
tation boats  are  in  use  a decision  to  stay  with  one's  boat  will  be  beneficial. 
This  conclusion  arises,  not  only  from  the  benefit  analysis  performed  in  the 
previous  section  and  from  actual  test  evaluations,  but  also  from  a second 
benefit  estimate  derived  in  this  section:  About  44  additional  lives  could 


be  saved  if  those  victims  who  are  in  their  boats  after  an  accident  and  vol- 
untarily decide  to  leave  would,  instead,  remain. 

Interesting  results  regarding  the  use  of  PFDs  and  a decision  to  remain  or  not 
remain  with  a boat  were  observed  during  the  benefit  analysis.  For  accident 
victims  who  initially  are  in  the  water  it  appears  likely  that  PFD  use  or  non-use 
is  independent  of  the  decision  to  remain  or  not  remain  with  a boat.  However, 
for  victims  who  are  initially  in  their  boats  after  an  accident,  PFD  use  is 
very  highly  associated  with  the  decision  to  remain  or  not  remain  with  a boat. 
Such  victims  who  were  wearing  or  who  donned  a PFD  were  much  more  likely  to 
leave  their  boats  than  other  victims. 

Turning  to  the  details  of  the  analysis,  it  was,  as  the  introductory  remarks 
suggest,  separated  into  two  parts.  The  "Victim's  Behavior  and  Circumstances 
(Variable  28)"  coding  tree,  was  used  to  separate  victims  into  two  groups,  those 
who  were  still  in  their  boats  immeidately  after  the  accident  took  place  (code 
31  or  below)  and  those  whom  the  accident  caused  to  enter  the  water  immediately 
(code  32  or  below).  We  shall  first  describe  the  analysis  involving  the  latter 
victims.  (Codes  11 , 99  and  88  were  not  applicable  in  this  analysis.) 

Victims  under  code  32  in  the  tree  were  separated  into  three  states: 

i)  Victims  who  remained  or  tried  to  remain  with  their  boats 
(codes  4,  5,  6,  7,  8,  12,  13) 

ii)  Victims  who  "voluntarily"  left  their  boats  (code  9) 

iii ) All  other  victims. 

The  third  group  was  not  used  in  the  analysis. 

Each  ARM  variable  which  might  logically  be  related  to  a decision  to  leave  or 
remain  with  a boat  was  crosstabulated  against  the  victim  states  (i)  and  (ii), 
above.  Statistical  analyses  of  those  crosstabulations  in  which  the  "unknowns" 
were  not  too  numerous  indicated  that  "Boat  Length"  had  the  strongest  interaction 
with  a decision  to  leave  or  remain.  A multistate  benefit  analysis  using  this 
variable  indicated  that  about  nine  additional  lives  might  be  lost  if  all  victims 
who  "voluntarily"  leave  their  boats  would,  instead,  remain. 
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The  boat  length  code  "unknown"  was  not  included  in  this  analysis  because  of 
the  small  sample  size  and  consequent  unreliable  recovery  probabilities  associ- 
ated with  it.  (Including  unknowns  would  have  resulted  in  an  unreliable  net 
benefit  value  of  five  victims  being  saved.)  This  calculated  loss  of  nine  lives 
may  be  due  to  a number  of  factors.  First,  it  must  be  remembered  that  these 
victims  are  in  the  water  immediately  after  the  accident.  For  such  victims, 
decisions  to  leave  their  boats  may  often  be  made  with  good  reason.  For 
instance,  they  may  be  very  near  shore  or  other  source  of  rescue  so  that  remain- 
ing with  their  boats  would  be  less  safe  than  leaving  them.  Additionally,  the 
calculated  value  of  nine  lives  lost  is  sufficiently  close  to  zero  that  it  might 
well  be  the  result  of  sampling  bias,  the  exclusion  of  "unknown,"  or  the  impos- 
sibility of  incorporating  all  "relevant"  variables  in  the  multistate  analysis. 

The  benefit  value(s)  obtained  are  sufficiently  close  to  zero  that  it  is  reason- 
able to  say  that  encouraging  boaters  to  stay  with  their  boats  under  these  con- 
ditions would  have  little  net  effect  on  lives  saved  and,  at  worst,  would  have 
a very  slight  negative  effect. 

As  part  of  this  analysis,  "PFD  Use"  was  crosstabulated  against  the  victim's 
decision  to  leave  or  remain  with  the  boat.  Considering  "PFD  Used"  vs.  "PFD 
Not  Used,"  an  upper-tail  chi-square  probability  (significance  level)  of  over 
0.25  was  obtained.  Taking  into  account  wear  vs.  holding  vs.  non-use  increased 
the  probability  (significance  level)  to  0.55  and  including  "unknown"  raised 
it  further  still,  to  over  0.70.  Thus,  it  is  quite  likely  that  a decision  to 
remain  or  not  remain  with  a boat  is  independent  (or  is  nearly  independent)  of 
PFD  use  for  those  victims  who  immeidately  enter  the  water  at  the  time  of  an 
accident.* 

Turning  now  to  victims  who  were  still  in  their  boats  immediately  after  an  accident, 
we  separated  victims  into  three  categories  as  before: 

i)  Victims  who  remained  with  their  boats  (code  1) 

ii)  Victims  who  voluntarily  left  their  boats  (code  2) 

iii)  All  other  victims. 


* Were  these  not  independent  or  nearly  independent,  very  small  chi-square 

probabilities  (significance  levels)  would  almost  certainly  have  been  obtained. 
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The  third  group  was  not  used  in  the  analysis. 

The  same  ARM  variables  as  before  were  crosstabulated  with  "Victim's  Decision" 
and  for  these  victims  several  variables  were  found  to  interact  strongly  with 
the  decision  to  leave  or  remain  with  a boat.  These  variables  included  "PFD 
Use,"  "Accident  Type,"  "Final  Boat  Configuration,"  "Boat  Length"  and,  somewhat 
less  strongly,  "Boat  Type."  Multistate  benefit  analyses  were  performed  with 
each  of  these  variables.  Calculated  potential  benefits  for  remaining  with  a 
boat  ranged  from  34  lives  saved  annually  when  "Boat  Type"  was  used  as  a C- 
variable  to  47  lives  saved  annually  when  "Boat  Length"  was  used  as  a C-variable. 
The  average  value  (weighting  "Boat  Type"  less  strongly)  was  44  lives  saved 
annually.  It  appears  that,  for  boaters  who  do  not  initially  enter  the  water,  the 
decision  to  stay  with  the  boat  is  a good  one,  at  least  in  a statistical  sense. 

That  is,  the  decision  leads  to  an  overall  benefit  for  such  boating  victims 
taken  as  a group,  but  may  not  be  beneficial  or  may  even  be  harmful  for  some 
individual  boaters. 

Examining  PFD  use  for  boaters  who  did  not  initially  enter  the  water,  we  found 
that  there  was  an  extremely  strong  interaction  between  PFD  use  and  a decision 
to  remain  with  the  boat.  Of  those  wearing  or  donning  a PFD,  54%  left  their 
boats,  while  only  6%  of  the  remaining  victims  who  either  held  onto  or  did  not 
use  their  PFDs  left  their  boats.  The  chi-square  upper-tail  probability  (sig- 
nificance level)  for  use  vs.  non-use  against  a decision  to  remain  or  leave  was 
less  than  10~15.  Taking  into  account  wear  vs.  holding  vs.  non-use  reduced  this 
already  infinitesimal  probability. 

6.6  Summary  of  Benefit  Estimations 

• The  multistate  analysis  techniques  have  been  developed  and  demonstrated. 
They  require  significant  insight  into  the  problem  area  and  the  ARM 
data  base,  as  well  as  objective  criteria  and  procedures  for  selecting 
the  "best"  estimate. 

• These  techniques  were  necessitated  by  the  complex  and  interactive 
nature  of  the  processes  by  which  people  live  and  die  in  recreational 
boating  accidents. 
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The  current  annual  benefits  for  PFDs  are  estimated  to  be  between 
50  and  124  lives  saved,  with  the  maximum  attainable  annual  benefit 
being  from  258  to  598  lives  saved. 

No  direct  data  were  available  in  ARM  for  estimating  the  benefits 
of  level  flotation  (very  few  level  flotation  boats  were  coded  in 
ARM).  Therefore,  an  upper  bound  of  263  lives  saved  annually  due 
to  level  flotation  was  estimated. 

The  estimated  potential  annual  benefit  (in  lives  saved)  due  to 
boaters  deciding  to  stay  with  their  boats,  when  confronted  with 
the  options  to  stay  or  to  leave,  is  44  lives  (the  mean  of  several 
estimates). 
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7.0  ARM  CONCLUSIONS 


The  Accident  Recovery  Model  (ARM)  has  been  developed  as  an  analysis  tool, 
with  related  techniques  and  procedures,  that  organizes  and  summarizes  accident 
data  so  that  the  role  of  personal  flotation  devices  in  saving  lives  can  be 
evaluated  and  the  impacts  (in  terms  of  reducing  fatalities)  of  existing  and 
proposed  regulatory  and  educational  programs  can  be  assessed.  The  discussions 
in  this  section  demonstrate  how  ARM  has  fulfilled  its  dual  purpose. 

ARM  was  developed  as  a versatile  and  general  data  analysis  model,  in  response  to 
the  complex  and  interactive  nature  of  the  processes  by  which  boating  accident 
victims  live  and  die.  The  model  is  empirical,  and  represents  an  organized  and 
structured  data  base.  The  data  were  sampled,  coded,  verified,  and  weighted  in 
order  to  accurately  mirror  the  recreational  boating  accidents  for  an  "average" 
year. 

The  basic  results  in  ARM  indicated  that  the  ARM  data  base  was  representative  of 
the  Coast  Guard's  data,  and  a thorough  examination  of  those  results,  variable  by 
variable,  pointed  out  the  need  for  more  detailed  analyses  and  statistical  tech- 
niques in  order  to  examine  several  variables  simultaneously.  Possible  problem 
areas  in  recreational  boating  were  also  identified  by  low  calculated  probabilities 
of  recovery  corresponding  to  victims  in  parts  of  ARM.  Whether  or  not  such 
instances  are  actual  problem  areas  depends  upon  the  accuracy  of  their  ARM  recov- 
ery probabilities  which  are  functions  of  accident  reporting  rates. 

The  detailed  analyses  revealed  significant  interrelationships  between  variables 
and  their  effects  on  a victim's  chances  for  survival.  In  particular.  It  was 
found  that  PFD  wear  was  highly  associated  with  severe  conditions  on  other  vari- 
ables (water  conditions,  victim's  circumstances,  and  others).  It  is  shown  that 
ARM  can  be  used  to  measure  the  relative  importance  of  PFD  properties  such  as 
automatic  actuation  of  inflatables  and  the  ability  to  turn  an  unconscious 
wearer. 

ARM  was  used  to  generate  quantitative  estimates  of  the  benefits  of  hypothetical 
and  actual  changes  in  recreational  boating  (changes  in  PFD  wear,  educating 
boaters  to  stay  with  their  boats  and  the  effects  of  level  flotation).  The 
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approach  of  breaking  down  each  problem  into  multiple  factors  or  states  has 
been  proven  fruitful  in  terms  of  generating  meaningful  benefit  estimates. 

ARM  has  been  modified  and  adapted  continuously  since  its  initial  development. 
The  use  of  the  data  base  and  techniques  that  have  been  developed  require  con- 
siderable engineering  judgment,  intimate  knowledge  of  the  ARM  data  base,  and 
insight  into  the  complex  and  interactive  nature  of  the  problems  that  ARM  ad- 
dresses. 
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APPENDIX  IV-A. 


ARM  VARIABLE  CODING  AND  DATA  WEIGHTING 

This  appendix  contains  information  on  ARM  variable  definitions  and  coding  which 
will  be  useful  to  analysts  using  the  ARM  data  base. 

Appendix  IV-A-1  contains  the  "ARM  Analyst's  Guide"  which  was  used  in  analyzing  and 
coding  the  reports  of  accidents  which  were  added  to  the  data  base  in  this  project. 

In  a few  instances  variable  codings  were  changed  from  those  used  in  the  initial 
batch  of  accidents  included  in  the  data  base  developed  in  Phase  I of  the  PFD 
project  (Reference  IV- 1 ) . Footnotes  have  been  appended  to  the  "ARM  Analyst's  Guide" 
which  detail  these  changes  and  indicate  the  variable  codings  used  in  the  current 
SPSS  file  version  of  the  data  base. 

During  the  course  of  adding  accidents  to  the  data  base,  additional  variables  were 
included.  Appendix  IV-A-2  provides  information  on  which  variables  were  coded  for 
various  accident  case  numbers. 

Certain  non-data  variables  were  used  only  during  the  coding-verification  process. 
These  were  deleted  from  the  data  base  in  its  final  forms.  Appendix  IV-A- 3 presents 
this  final  form. 

Appendix  IV-A-4  contains  information  on  weighting  the  ARM  data.  Note  the  caveat  on 
working  with  variables  not  coded  for  all  accidents. 


APPENDIX  IV-A-1 . ARM  ANALYST'S  GUIDE 

The  pages  that  follow  contain  much  of  the  information  that  you  will  need  to 
analyze  accidents  for  ARM  and  fill  out  the  code  sheets. 

The  first  four  pages  contain  general  information  about  ARM  (its  intent  and 
purpose).  These  pages  are  followed  by  a sample  coding  sheet  from  1976.  You  will 
be  filling  out  coding  sheets  very  much  like  this  one,  with  a few  more  columns  at 
the  end  for  additional  information.  Read  these  pages  and  examine  the  coding 
sheet.  Additional  helpful  information  can  be  found  on  the  pages  immediately 
following  the  coding  instructions. 

The  remaining  pages  show  you  exactly  how  to  code  all  of  the  information  required 
by  ARM.  A row  on  the  coding  sheet  is  to  be  completely  filled  out  for  each  acci- 
dent victim  that  is  coded  into  ARM. 

The  following  steps  outline  what  you  are  to  do.  (These  steps  are  illustrated 
in  the  flowchart  presented  in  Figure  IV-3. ) 

1.  Select  a Boating  Accident  Report  from  the  "batch"  given  to  you. 

Keep  these  in  order  and  process  them  in  order. 

2.  Decide  whether  the  accident  involved  all  of  the  people  on  board 
or  a subset  of  those  people.  Capsizings,  swampings,  sinkings, 
collisions,  fires,  explosions,  and  some  "others"  typically  involve 
all  of  the  POB.  Falls  overboard,  hit  by  the  prop,  and  some  "others" 
typically  involve  only  one  or  two  of  the  people  on  board.  In  ARM, 
we  want  to  code  information  only  for  those  people  who  actually  were 
involved  in  an  accident. 

3.  Record  (code)  the  data  - more  on  this  later. 

4.  Eventually  two  analysts  will  have  completed  independently  coding 

the  same  batch  of  accidents.  Each  set  of  codings  will  be  independent- 
ly keypunched.  The  resulting  card  decks  will  then  be  compared  through 
the  use  of  a special  computer  routine,  any  discrepancies  being  indicated 
on  a computer  printout.  A third  analyst  will  resolve  such  discrepan- 
cies. 
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ACCIDENT  RECOVERY  MODEL 


Introduction 

Research  sponsored  by  the  U.  S.  Coast  Guard  has  examined  a variety  of  problems 
related  to  accident  prevention  and  recovery  in  recreational  boating.  For  example, 
extensive  investigations  have  been  made  concerning  collisions,  fires  and  explo- 
sions, flotation,  boat  stability,  and  the  use  and  functioning  of  personal  flota- 
tion devices  (PFDs). 

These  investigations  have  revealed  some  of  the  more  subtle  problems  and  relation- 
ships involved  in  accident  recovery  and  prevention.  It  has  become  increasingly 
clear  that  the  occurrence  of  an  accident,  and  recovery  or  fatality  after  an  acci- 
dent, are  the  results  of  a complex  system  of  events  and  conditions.  Some  of  the 
elements  in  the  system  are  physical;  others  are  psychological,  physiological, 
economic,  or  social.  For  example,  the  factors  which  determine  whether  an  acci- 
dent results  in  recovery  or  a fatality  can  be  categorized  as  follows: 

• Accident  dynamics,  i.e.,  the  type  of  accident,  how  quickly  it 
occurs,  etc. 

• Physiological  state  of  the  victims,  i.e.,  the  presence  of  injury, 
shock  etc,  obviously  have  a great  bearing  on  the  probability  of 
recovery. 

• Behavior  of  the  victims,  e.g.,  use  or  non-use  of  PFDs. 

• Environment,  e.g.,  water  temperature,  water  conditions. 

• Rescue  facilities  - there  are  a variety  of  possible  modes  of 
rescue,  including  self-rescue,  rescue  by  another  boater  on  the 
scene,  or  rescue  by  the  Coast  Guard  or  other  agency. 

• Equipment  - includes  types  of  PFDs  available,  signalling  devices, 
etc. 

The  recognition  of  the  complexity  of  the  factors  determining  accident  occurrence 
and  recovery  or  fatality  has  led  to  a desire  for  better  understanding  of  these 
systems.  It  has  occurred  to  workers  in  this  area  that  there  may  be  effective 
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ways  of  reducing  accidents  or  promoting  more  favorable  outcomes  which  have  gone 
unrecognized.  There  is  also  a growing  realization  that  actions  which  super- 
ficially would  be  expected  to  produce  benefits  could  have  unexpected  and  undesir- 
able ramifications.  For  example,  improving  the  stability  of  small  boats  could 
result  in  a tendency  for  boaters  to  use  them  under  conditions  they  would  have 
otherwise  avoided,  thus  possibly  increasing  the  probability  of  an  accident. 

The  work  has  taken  the  form  of  an  Accident  Recovery  Model  (ARM).  This  model 
describes  the  functioning  and  interrelationships  of  the  elements  of  the  accident 
recovery  system.  Some  of  these  elements  include:  PFDs,  boat  flotation,  rescue 
facilities,  signalling  devices,  boaters'  behavior,  injury  and  other  physiological 
conditions,  and  emergency  treatment. 

ARM  is  used  to  generate  quantitative  estimates  of  the  benefits  associated  with 
proposed  or  existing  regulatory  or  educational  programs.  For  example,  ARM  can 
help  to  provide  answers  to  the  following  questions: 

1)  Would  it  be  beneficial  to  modify  PFD  design  in  the  direction  of 
greater  "wearability"  (e.g.,  comfort,  attractiveness,  etc)  even 
if  this  dictates  a decrease  in  their  physical  effectiveness? 

2)  Would  increased  accessibility  of  PFDs  help  to  compensate  for  the 
low  rate  of  PFD  wear? 

3)  Should  PFDs  provide  greater  protection  against  hypothermia? 

4)  Should  PFDs  be  designed  so  that  they  are  easy  to  don  after  the 
victim  is  in  the  water? 

5)  How  might  education  Increase  recovery?  For  example,  is  the  maxim 
"stay  with  your  boat"  always  the  best  course  of  action? 

6)  How  will  Improved  boat  flotation  affect  the  role  of  PFDs  in  acci- 
dent recovery? 

During  the  formulation  of  ARM,  three  general  methodological  principles  or  objec- 
tives emerged.  These  three  principles  gave  direction  to  the  development  of  the 
model  and  helped  to  Insure  that  the  final  product  was  useful. 
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The  first  of  these  principles  was  that  the  model  must  be  empirical.  It  is  based 
upon  documented  cases  of  recovery  or  fatality  in  recreational  boating  accidents 
rather  than  assumption  or  expert  opinion.  By  building  the  model  on  an  empirical 
base,  one  can  have  greater  confidence  that  the  result  is  a valid  representation 
of  the  way  recoveries  and  fatalities  occur.  ARM  involves  relatively  few  assump- 
tions. Furthermore,  these  assumptions  were  checked  and  modified,  as  needed,  as 
the  additional  data  were  gathered.  ARM  changed  and  grew  to  fit  the  data.  In 
fact,  ARM  can  be  regarded  as  a structured  summary  of  boating  accident  recovery 
data. 

A second  principle  was  that  ARM  must  summarize  the  common  elements  in  accident 

recovery,  while  at  the  same  time  not  sacrificing  important  relationships.  In  any 

type  of  modelling  or  analysis  problem,  there  is  a trade-off  between  summarization 
and  representing  detail.  At  one  extreme,  the  average  number  of  fatalities  per 
accident  could  be  regarded  as  a model.  Obviously,  this  method  sacrifices  too 
much  detail  for  an  overall  summary.  The  other  extreme  would  be  a detailed 
account  of  each  of  the  accidents  which  occurred,  say,  in  1974.  This  alternative 
doesn't  sacrifice  any  details,  but  fails  to  point  out  commonalities  among  acci- 
dent recoveries  or  fatalities.  The  model  was  developed  in  such  a way  as  to  cap- 
ture important  relationships  among  elements  of  the  accident  recovery  system  that 
are  common  to  many  accidents. 

The  third  criterion  for  ARM  was  that  it  must  be  in  a form  which  is  usable  by  the 

Coast  Guard.  This  means  that  events  or  conditions  which  the  Coast  Guard  can  con- 

trol by  regulation,  standards,  or  education  must  appear  as  elements  of  the  model. 
This  criterion  also  implies  that  the  model  must  make  use  of  existing  accident 
data,  even  though  such  data  is  often  incomplete  and  not  representative  of  the 
population  of  boating  accidents  to  be  modeled. 

ARM  consists  of  a coding  sheet  and  decision  trees  which  treat  six  different 
portions  of  the  recovery  problem.  Each  row  on  the  coding  sheet  summarizes  the 
information  for  a single  Individual,  or  "victim",  involved  in  a boating  acci- 
dent. After  » sufficiently  large  number  of  victims  are  coded,  the  Information 
can  be  punched  on  cards  and  processed  by  computer. 
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The  numbers  along  the  top  of  the  coding  form  represent  variable  numbers.  There 
are  three  types  of  variables:  Variables  numbered  1-7  contain  file  information 
which  serves  to  locate  the  source  in  Wyle  or  Coast  Guard  files.  Variables  8-23 
provide  miscellaneous  recovery-related  information  and  the  information  which  will 
be  needed  to  scale  ARM  data  to  reflect  the  population  of  boating  accidents  at 
large.  The  last  group  of  variables  (24  - 51)  contain  the  major  recovery-related 
information.  The  values  to  be  coded  for  variables  numbered  24,  26,  28,  30,  33 
and  36  are  obtained  from  the  accompanying  decision  trees. 

It  should  be  noted  that  the  conditions  represented  in  each  of  the  ARM  decision 
trees  were  not  chosen  arbitrarily.  The  combinations  of  condi tons  shown  in  each 
tree  are  (or  should  be  interpreted  as)  mutually  exclusive  possibilities.  In 
other  words,  only  one  set  of  conditions  in  a given  decision  tree  can  apply  to  any 
one  victim. 


1. 


Wyle  or  BAR  Number  (WBRN): 

This  is  the  number  used  to  relocate  the  BAR  (if  needed  again  in  the  future). 
For  the  1977  data,  this  number  is  77xxxx,  where  the  "77"  indicates  it  was 
part  of  the  data  put  into  ARM  in  1977,  the  first  "x"  is  the  batch  number, 
and  the  last  three  "x's"  are  the  accident  number  within  the  1977  sample. 

Thus,  772029  would  be  the  29th  accident  report  used  in  the  1977  sample,  and 
it  was  processed  as  part  of  the  second  batch. 

2. *  Coded  by: 

1 = Stuart  Bernell  2 = Benny  Smith  3 = Chris  Stiehl 

11  = Mark  Perry  12  = Anne  Baune  13  = Gay  Parrott 

14  » Olivia  Corder 

3. *  Verified  by: 

Verification  is  the  process  by  which  one  coder  inspects  the  coded  work  of 
another  to  determine  if  he  agrees  with  those  codes.  Once  the  coders  agree, 
and  have  verified  each  other's  work,  then  one  of  the  codes  listed  under  #2 
above  is  used  here  to  indicate  this  verification. 

4. *  Leave  blank;  this  variable  is  going  to  be  deleted. 

5. **  ARM  boat  number  (ARMBN): 

This  is  the  boat  number  in  this  accident.  For  almost  all  accidents  except 
collisions,  this  will  be  "01."  For  collisions,  this  variable  allows  us  to 
separate  victims  from  each  vessel,  so  when  you  start  coding  victims  from  the 
second  vessel,  enter  "02"  in  this  variable.  For  additional  vessels  in  the 
same  accident,  use  "03,"  etc. 

6. *  ARM  victim  number  (ARMVN): 

This  is  the  number  of  the  victim  within  this  vessel.  When  you  move  on  to  the 
next  vessel  (accident),  start  renumbering  victims. 

7. *  Leave  blank;  this  variable  will  be  deleted. 

8.  State: 


Alabama 

01 

Alaska 

02 

Arizona 

04 

Arkansas 

05 

California 

06 

Colorado 

08 

Colorado 

08 

Connecticut 

09 

Delaware 

10 

Dist.  of  Columbia 

11 

Florida 

12 

Georgia 

13 

Hawaii 

15 

Idaho 

16 

Illinois 

17 

Indiana 

18 

Iowa 

19 

Kansas 

20 

Kentucky 

21 

Louisiana 

22 

Maine 

23 

Maryland 

24 

Massachusetts 

25 

Michigan 

26 

Minnesota 

27 

Mississippi 

28 

Missouri 

29 

Montana 

30 

Nebraska 

31 

Nevada 

32 

New  Hampshire 

33 

New  Jersey 

34 

New  Mexico 

35 

New  York 

36 

North  Carolina 

37 

North  Dakota 

38 

Ohio 

39 

Oklahoma 

40 

Oregon 

41 

Pennsylvania 

42 

Rhode  Island 

44 

South  Carolina 

45 

South  Dakota 

46 

Tennessee 

47 

Texas 

48 

Utah 

49 

Vermont 

50 

Virginia 

51 

Washington 

53 

West  Virginia 

54 

Wisconsin 

55 

Wyomi ng 

56 

* Variables  2,  3,  4 and  6,  which  include  those  used  in  coding  verification,  are  not 
data  variables  and  were  omitted  from  the  final  data  format. 

**  It  has  been  discovered  that  some  of  these  are  coded  incorrectly  in  case  numbers 
less  than  771001.  Tw  . Q 


NOTE:  FOR  ALL  VARIABLES,  UNKNOWN  IS  CODED  AS  8 (1 -digit  variable)  OR  88 
(2-digit  variable).  ALWAYS  RIGHT-HAND  JUSTIFY  THE  CODES. 

9.  Month:  January  = 01;  February  = 02,  etc.  Unknown  = 88 

10.  Year:  Code  the  last  two  digits  of  the  year.  Unknown  = 88 

11.  Time:  Code  two  digits  (in  military  time:  i.e.,  00-24  hours)  corresponding 
to  the  time  that  the  accident  began.  Round  the  time  up  on  or  past  the  half 
hour,  i.e.,  if  the  accident  happened  at  9:30  p.m.,  code  it  22;  9:35  p.m.  = 
22  also.  Unknown  = 88. 


12.  Boat  Length  (BLNG): 


Code  the  boat  length  as  a two-digit  number,  to  the  nearest  foot.  Anything 
6"  or  over  is  rounded  up  to  the  next  nearest  foot,  e.g.,  if  the  length  of 
the  boat  is  given  as  14'  6",  code  it  as  15'.  NOTE:  For  accidents  where 
the  only  person  (people)  actually  involved  in  the  accident  was  not  aboard 
a boat,  code  for  the  appropriate  boat.  For  falls  overboard,  this  would 
be  the  boat  that  they  left.  For  hit  by  the  boat  or  prop,  this  would  be 
*or  the  boat  that  did  the  hitting,  • nether  this  victim  had  anything  to  do 
with  that  boat  before  he  was  hit  or  not.  The  same  logic  applies  to  all 
"boat  data."  Code  unknown  * 88. 


13.  Number  of  People  on  Board  (P0B): 

The  value  coded  is  a two-digit  number  and  depends  on  the  accident  cir- 
cumstances: 


i)  For  accidents  involving  only  a water  skier,  consider  this  person  as 
the  only  victim  unless  he  was  struck  by  a boat  or  prop,  or  unless 
another  individual  became  at  risk  (e.g.,  entered  the  water)  in  an 
attempt  to  rescue  the  skier.  For  the  water  skier's  listing,  code 

as  the  number  of  P0B  the  number  of  persons  on  board  his  boat,  including 
him.  For  any  other  victim's  listing  code  P0B  in  this  listing  as 
the  number  of  persons  on  board  his  boat,  including  him. 

ii)  For  "struck  by  boat  or  prop"  accidents  or  "other"  accidents  in  which 
the  victim  involved  (struck)  was  not  a passenger  on  the  involved 
(striking)  boat,  code  P0B  as  "99"  for  this  victim.  If  he  is  struck 
by  his  own  boat  code  P0B  in  his  listing  as  the  number  of  persons  on 
board  his  boat,  including  him.  For  any  other  victim  involved  in  the 
accident  (e.g.,  rescuer  or  other  at  risk)  code  P0B  in  this  listing  as 
the  number  of  persons  on  board  his  boat. 

iii)  For  all  other  accidents,  the  value  coded  for  P0B  should  be  the  number 
of  persons  on  board  the  boat  of  the  victim  being  coded,  including  the 
victim  himself. 

iv)  Code  "unknown",  as  "88." 
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14.  Number  of  PFDs  on  board  (NPFD): 

Code  this  as  a two-digit  number  for  the  appropriate  boat.  Code  unknown  = 88. 

15.  Jurisdiction  (JUR): 

1  = state  only;  2 = joint  jurisdiction 
If  jurisdiction  is  not  stated,  and  the  BAR  is  a Coast  Guard  BAR  or  on 
Coast  Guard  letterhead,  code  02.  If  the  BAR  is  not  an  official  CG  BAR 
or  on  Coast  Guard  letterhead,  code  01. 

16.  Accident  Type  (ACTYP): 

Code  the  primary  (first)  accident  type.  For  example,  if  there  is  a collision, 
causinq  someone  to  fall  out  of  the  boat,  that  person  is  coded  as  a victim  of 
a collision,  not  a fall  overboard.  Similarly,  if  a person  on  a johnboat 
falls  overboard,  causing  the  boat  to  capsize,  throwing  another  person  into 
the  water,  both  victims  are  coded  as  falls  overboard,  since  that  was  the 
primary  cause  of  the  accident.  Sometimes  more  than  one  accident  happens 
consecutively  in  time.  For  example,  a person  could  fall  overboard  and 
another  person  coming  to  his  aid  might  be  hit  by  a boat  or  prop.  In  this 
case,  the  second  victim  would  be  coded  as  hit  by  the  boat  or  prop  and  the 
two  individuals  would  be  coded  as  victims  of  separate  accident  types  under 
the  same  accident  number.  Many  of  these  types  of  accidents  will  require 
judgment,  and  the  other  analysts  should  be  consulted  if  there  is  any  doubt. 

1 = Collisions/groundings 

2 = Swampings/capsizings/floodings/sinkings 

3 = Fires  and  explosions 

4 = Falls  overboard 

5 = Struck  by  boat  or  propeller 
(0) ,6  = Other* 

8 = Unknown 

17.  Boat  Type  (BTYP): 

1 = Open/manual  (not  canoe  or  kayak) 

2 = Open/ power 

3 = Cabin  motorboat 

4 = Sail  + auxiliary  sail 

5 = Canoe  and  kayak 

6 * Houseboat 

7 a Inflatable 
(0) ,8  * Other** 

(8), 9 * Unknown*** 

• For  the  value  "other,"  all  case  numbers  less  than  771001  were  coded  "0;"  all 

i'.*  numbers  greater  than  or  equal  to  771001  were  coded  "6.  In  the  SPSS  file 
. )'  these  cases  are  recoded  to  "0." 

•#  <a!ue  "other,"  all  case  numbers  less  than  771001  were  coded  "0;"  all 
. . s^r^r*,  greater  than  or  equal  to  771001  were  coded  8.  In  the  SPSS  file 

'•  # ases  are  recoded  to  "0." 

. ,n« nowri , " all  case  numbers  less  than  771001  were  coded  "8;"  all 

r.4r9r  than  or  equal  to  771001  were  coded  "9."  In  the  SPSS  file 
«•«*•  'eroded  to  '8.' 
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18.  Activity  (ACT): 


i- 


i 


This  is  the  activity  at  the  time  of  the  accident.  Water  skiing  includes 
the  boat,  skier,  maneuvering  to  pick  up  the  skier,  etc. 

1 = Pleasure  cruising 

2 * Fishing,  including  drifting  while  fishing 

3 = Hunting,  including  drifting  while  hunting 

4 = Water  skiing 

5 = Skin  diving  or  swimming  (not  underway) 

6 = Stopped  or  drifting,  reason  unknown,  or  no  one  of  the  above  reasons* 

7 = Racing* 

8 = Unknown 

0 = Other  (docking,  etc.) 

19.  Body  of  Water  (BOW): 

1 = River,  creek,  etc. 

2 = Lake  (other  than  GL),  swamp,  etc. 

3 = Great  Lake 

4 = Coastal  bay,  inlet,  sound,  harbor,  waterway,  etc. 

5 = Ocean 

8 - Unknown 


20.  Distance  to  Shore  or  Another  Vessel  (DIST): 


Code  for  whichever  distance  is  shorter  (to  shore,  or  to  the  nearest  vessel). 
For  a collision  (or  any  other  accident)  code  the  distance  to  the  nearest 
other  boat  (one  not  involved  in  the  accident)  if  it  is  shorter  than  the 


distance  to  shore. 

1=0-5  yards 
2=5-  300  yards  (1/6  mi) 

3 = 300  yards  (1/6  mi)  - 1/2  mi 

4 = 1/2  mi  - 2 mi 

5 = Greater  than  2 miles 
8 = Unknown 


(Distances  at  "break  off"  points 
should  be  coded  with  the  larger 
code  number.  E.g.,  code  5 yards 
as  "2.") 


21.  Assisting  Party  (ASSTP): 


1 = Boater  from  same  boat 

2 = Boater  from  another  boat 

3 = USCG 

4 = CG  Auxiliary 

5 = State  or  local  officials 

6 = No  one 

7 = Other 

8 = Unknown 


* These  codes  ("6"  and  "7")  were  only  used  for  case  numbers  greater  than  or  equal  to 
771001.  For  case  numbers  less  than  771001,  activities  "6"  and  "7"  were  coded  as 
"0"  (other). 
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22.  Victim's  Sex  (VSEX):  1 = male;  2 = female;  8 = Unknown 

23.  Age:  1 * Adult  (over  18);  2 = Teenager  (12-18);  3 = Child  (under  12) 

If  the  age  is  unknown,  but  the  BAR  infers  that  the  person  is  an  adult,  i.e., 
married,  Mr.,  Mrs.,  etc.,  code  as  an  adult.  Use  the  same  logic  for  teen- 
agers and  children. 

24.  Final  Boat  Configuration  (FBTCON): 

Use  the  decision  tree  for  this  variable  to  find  the  appropriate  code.  Read 
down  the  tree  as  far  as  the  information  available  will  allow.  For  example, 
if  the  final  configuration  was  known  to  be  upright  and  not  swamped,  but  it 
was  not  known  if  the  boat  was  still  propelled,  code  "21."  A sailboat  that 
can  still  sail  is  coded  "1." 

For  boats  which  ’were  swan.ped,  capsized,  or  flooded,  assume  that  the  boat  was 
NOT  level  unless  stated  otherwise.  "Propelled"  means  actually  underway, 

NOT  " propel  1 a bl e. " 

25.  Level  Flotation  Boat  ( LFB ) ; 1 = Yes;  2 = No 


This  question  does  not  refer  to  whether  the  boat  actually  floated  level  or 
not,  but  to  whether  it  was  level  flotation  equipped.  If  not  mentioned, 
it  should  be  coded  "NO;"  this  variable  should  never  be  coded  "unknown." 

26.  Victim's  Condition  (VCON): 

Use  the  decision  tree  for  this  variable  to  find  the  appropriate  code.  As 
before,  read  down  the  tree  as  far  as  the  available  information  will  permit 
and  enter  the  corresponding  code.  A "swimmer"  is  anyone  who  can  swim  at  all. 

If  the  emergency  treatment  that  is  given  is  equivalent  to,  or  better  than, 
that  that  would  be  given  by  someone  who  had  had  one  course  in  first  aid 
(high  school,  etc.),  then  it  is  considered  "adequate."  If  the  treatment  is 
less  than  that,  or  none  at  all,  then  it  is  "inadequate." 

If  there  is  no  evidence  of  ill  health  or  injury  during  the  accident,  use  the 
"not  seriously  injured"  branch.  Adequate  emergency  treatment  means  that  which 
could  be  administered  by  a graduate  of  the  standard  short  course  given  by  the 
Red  Cross.  Drowning  without  other  injury  does  not  constitute  a serious  injury. 

27.  Health  (HEAL): 

l=Good  health  (use  this  if  unknown) 

2=History  of  heart  trouble  or  heart  attack,  stroke,  etc.,  known  to  have 
occurred  immediately  prior  to  this  accident  or  during  the  time  until 
recovery 

3=0ther  poor  health 
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28.  Behavior/Circumstances  (BC): 


Use  the  decision  tree  to  find  the  appropriate  code.  Again,  proceed  through 
the  tree  only  as  far  as  the  information  allows,  and  write  the  corresponding 
code.  Note  that  a victim  who  falls  out  of  a boat  and  re-enters  it  is  NOT 
coded  under  "in  boat,"  but  under  "in  water  not  trapped  or  entangled."  Al- 
though his  eventual  position  is  in  the  boat,  the  code  "4"  more  accurately 
described  his  behavior.  Therefore  review  the  entire  chart  once  you  have 
chosen  your  code,  to  make  sure  that  you  have  chosen  the  best  descriptor. 

For  this  decision  tree,  moving  down  the  tree  corresponds  to  moving  forward 
in  time  through  the  events  and  actions  of  the  accident.  The  boxes  on  the 
path  of  the  tree  that  have  been  chosen  should  describe  the  victim's  behavior 
and  circumstances  in  sequence. 

Falls  Overboard  - Starts  in  the  water 

Capsizing  - Starts  in  the  water 

Collision  - Starts  in  the  boat  (unless  the  victim  is  thrown 

out  of  the  boat  immediately  upon  impact.  If 

this  occurs,  start  the  victim  in  water. 

Swamping  - Starts  in  the  boat 

If  the  victim  winds  up  in  neither  the  boat  nor  the  water  (on  shore,  on  a 
dock,  etc.)  then  code  "99."  Presume  that  the  victim  remained  in  the  water 
(22)  if  the  available  information  does  not  indicate  that  he  re-entered  the 
boat.  Presume  that  the  victim  "fell  or  was  thrown  out,  etc."  (10)  or 
"abandoned  boat  due  to  fire,  etc."  (3)  if  it  is  not  known  or  mentioned  that 
he  swam  for  shore  or  another  source  of  flotation,  but  it  is  known  that  he 
(she)  was  separated  from  the  boat. 


29. 

31. 

38. 


Time  In/With  Boat  (TIWB): 

Time  Until  PFD  Donned  or  Removed 

Time  in  Water  (TIW): 


(V31):  (if  unknown  whether  victim  used  a 

PFD,  code  38=Unknown). 


NOTE:  For  each  of  these  variables,  use  the  codes  listed  below.  All  of  these 
times  are  the  total  time  from  the  beginning  of  the  accident  until  recovery 
or  death  (variables  29  and  38),  or  until  the  PFD  is  donned  or  removed  (varia- 
ble 31).  For  any  of  these,  if  the  variable  is  not  applicable  to  the  person 
(time  to  donning,  for  example,  is  not  applicable  if  the  person  never  dons  a 
PFD),  then  use  "99"  = not  applicable.  If  a victim  exited  and  re-entered  the 
boat  several  times,  time  in  or  with  the  boat  is  the  sum  of  these  separate 
times.  Similarly,  time  in  water  is  summed. 


1*0-2  min. 

2 * 2 - 5 min. 

3 = 5 - 15  min. 

4 * 1/4  - 1/2  hr. 

5 * 1/2  - 1 hr. 

6 * 1 - hr. 

7 * IJs  - 2 hr. 

8 = 2 - 3 hr. 

9 * 3 - 4 hr. 

10  * 4 - 5 hr. 

11  * 5 - 10  hr. 

12  * > 10  hr. 

88  = Unknown 

30.  PFD  Availability  and  Use  (PFDAU): 

Use  the  decision  tree  to  find  the  appropriate  code,  reading  down  the  tree 
as  far  as  the  available  information  permits.  Note  the  codes  for  people  who 
have  an  accident  and  then  remove  or  don  a PFD  after  the  accident  has  begun 
or  happened.  In  these  cases,  the  time  to  removal  or  donning  should  also  be 
recorded  as  variable  31. 

"Took  PFD  off..."  (11)  refers  only  to  voluntary  acts.  If  the  victim  slipped 
out  of  the  PFD,  or  the  waves  ripped  it  off  of  him  (her),  it  should  be  coded 
as  "Did  not  take  PFD  off"  (1).  If  unknown  if  victim  used  PFD,  code  88  = 
unknown. 

Ignore  a yes  answer  in  the  box  on  the  BAR  that  says  PFDs  were  used.,  This 
information  is  useless  with  respect  to  individuals,  unless  the  accident  only 
involved  one  person.  Then,  and  only  then,  can  you  assume  that  the  fact  that 
this  box  is  checked  means  that  that  particular  individual  used  a PFD.  If  the 
accident  involved  more  than  one  person,  you  do  not  know  from  the  fact  that 
this  box  is  checked  how  many  people  used,  nor  which  ones,  nor  which  devices. 
The  fact  that  "PFDs  were  used"  does  not  imply  that  everyone  used  one;  you  must 
have  more  detailed  information  in  order  to  make  that  determination. 

31.  Time  Until  PFD  Donned  or  Removed  (V31):  See  NOTE  on  p.  IV-A-13.  (If 
unknown  whether  victim  used  a PFD,  code  88.) 

32.  Sufficient  PFDs  on  Board  (V32): 

This  question  refers  to  any  type  of  PFD.  If  the  question  concerning  suf- 
ficient CG  approved  PFDs  is  checked  "yes"  on  the  BAR,  then  this  should  be 
coded  1 = "yes"  for  ARM.  It  should  also  be  coded  "T  if  there  were  sufficient 
PFDs  aboard,  even  though  some  of  them  may  not  have  been  CG  approved.  NOTE: 

One  case  was  coded  "5"  when  it  should  have  been  "88.") 

33.  PFD  Type  (PFDTYP) : 

Code  PFD  type  for  each  victim.  Use  the  decision  tree  to  find  the  appropriate 
code.  Note  that  those  victims  without  any  type  of  flotation  aid  are  coded  as 
"09"  and  unknowns  are  "88." 


(Times  at  a "break  off"  point  should  be 
coded  with  the  larger  code  number.  E.g., 
code  exactly  5 min.  as  "3.") 
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34.  PFD  Malfunction  ( PFDMAL ) : 

Code  a "1"  = yes  if  the  PFD  did  not  perform  properly.  If  it  is  an  inflatable, 
it  may  have  had  a leak  or  was  not  inflated.  If  a buckle  didn't  work,  or  a 
strap  broke  on  a PFD,  that  would  be  a malfunction,  etc.  If  unknown  if  victim 
used  a PFD,  code  88  * unknown. 

If  victim  used  PFD  and  no  malfunction  is  mentioned,  assume  no  malfunction  (02). 
If  you  know  he  did  not  have  one  on  (or  use  one),  then  code  "99." 

35.  Improper  PFD  Use  (IMPFD): 

If  the  victim  used  his  PFD  improperly  code  "1"  for  "yes."  If  he  used  his 
PFD  improperly  code  "2,"  for  "no,  use  was  not  improper."  If  you  suspect 
but  don't  know  that  use  was  improper,  code  "88"  for  "unknown."  If  there 
is  no  evidence  of  improper  use,  assume  use  was  proper  and  code  "2."  If 
you  know  the  victim  did  not  wear  or  use  a PFD  (i.e. , PFDAU  = 6,7,8,23  or 
32)  or  if  you  don't  know  if  the  victim  wore  or  used  a PFD  (i.e.,  PFDUA  = 

88^  code  "99"  for  "not  applicable."* 

36.  Distress  Notification  (DISNOT): 

Use  the  decision  tree  to  find  the  proper  code.  Be  sure  to  note  the  defini- 
tions on  the  same  sheet  as  the  tree. 

Code  13  is  used  if  the  boat  and  equipment  is  observed  after  the  accident  by 
someone  other  than  the  victims. 

Code  12  is  used  when  the  victims  use  a makeshift  signal  device,  e.g.,  PFD 
tied  to  boat  paddle,  smoke  signals. 

Code  11  is  used  when  signal  is  made  by  radio  communications,  flare  gun, 
signal  flag,  flashlight,  etc. 

99  - is  used  when  no  distress  signal  is  necessary,  e.g.  partially  swamped 
boat  is  evacuated  of  water  and  resumes  normal  operation,  and  "hit  and  runners" 
are  examples.  Coder  must  obtain  approval  from  N.  Whatley  or  C.  Stiehl 
before  using  code  99. 

37.  Water  Temperature  (WTEMP): 

Code  the  two  digits  most  closely  corresponding  to  the  water  temperature  in 
°F.  For  water  temperatures  of  87  or  more,  use  "87,"  and  don't  use  any  codes 
above  87  except  "88"  for  unknown. 

38.  See  NOTE  on  pg.  IV-A-13. 

39.  Water  Condition  (WC): 

1 * Calm 

2 * Choppy/Rough 

3 * Swift  Current 

88  = Unknown  - if  water  conditions  are  unknown  but  BAR  states  that  water 
conditions  are  not  a factor  in  this  accident,  assume  calm. 
(One  case  coded  8 in  error.) 

* Note:  Coding  errors  occur  for  this  variable  in  cases  where  It  was  unknown 
If  a PFD  was  used  (i.e.,  PFDAU  = 88). 
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i 40.  Outcome  (OUTCM): 

I 

If  the  victim  survived  the  accident,  he/she  is  a recovery  = "1."  Otherwise, 
use  "2"  for  victims  who  die  and  "8"  if  the  outcome  is  unknown. 

41. *  Hull  Identification  Number  (HULLID): 

If  the  HIN  is  known,  or  if  the  Federal  Boat  Documentation  Number  is  known, 

L code  "1,"  code  "8"  otherwise.  (If  the  HIN  does  not  contain  12  consequent 

digits,  reference  FR  181.25,  then  code  8.) 

42. *  Year  of  Manufacture  (YOFMF): 

Code  the  last  two  digits  of  the  year  that  the  boat  was  manufactured  (model 
year).  88  = Unknown. 

43. **Number  of  PFDs  Aboard  of  Type  I (PFD1):  

44. **Number  of  PFDs  Aboard  of  Type  II  (PFD2):  

45. **Number  of  PFDs  Aboard  of  Type  III  (PFD3):  

46. **Number  of  PFDs  Aboard  of  Type  IV  (PFD4):  

47. **Number  of  PFDs  Aboard  of  Type  V (PFD5):  

48. **Number  of  Unapproved  PFDs  Aboard  (PFDUAP):  

49. **Number  of  Unknown  Type  PFDs  Aboard  (PFDUNK):  

Code  the  number  of  PFDs  aboard  of  each  type,  in  the  order  specified  on  the 
coding  sheet.  Code  "8"  for  unknown,  "0"  for  none  and  use  "9"  for  eight  or 
more  PFDs. 

50. **Type  of  Power  (POWER): 

0 = Other  5 = Auxiliary  sail 

1 = Outboard  6 = Sail,  but  unknown  if  auxiliary 

2=1/0  7 = Jet  drive 

3 = Inboard  8 = Unknown 

4 = Sail  only  9 = Manual 

51. ***Alcohol  (ALCH) : 

1 = This  person  was  known  to  have  been  drunk  (autopsy,  etc.). 

2 = This  person  was  known  to  have  been  drinking 

3 = Drinking  suspected  (some  evidence,  other  person  said  so,  etc.). 

4 = Known  that  this  person  wasn't  drinking  (autopsy,  etc.). 

5 * No  mention  of  alcohol,  or  unknown 

6 = Other  drug  definitely  present  (autopsy,  etc.). 


* This  variable  not  coded  for  case  numbers  less  than  771001.  See  Appendix  IV-A-2. 

**  This  variable  not  coded  for  case  numbers  less  than  772021.  See  Appendix  IV-A-2. 

***  This  variable  not  coded  for  case  numbers  less  than  776213.  See  Appendix  IV-A-2. 
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FINAL  NOTES: 


Be  sure  to  right  justify  all  codes.  A "9"  is  coded  "09"  for  a two-digit  variable, 
etc. 

IF  YOU  CODE  ANYTHING  AS  "UNKNOWN"  OR  "NOT  APPLICABLE,"  BE  SURE  TO  READ  THIS: 

The  code  corresponding  to  UNKNOWN  is  NOT  PERMITTED  for  the  following 
variables:  25  26  27  36 

The  code  corresponding  to  NOT  APPLICABLE  is  permitted  ONLY  for  the  following 
variables:  13  28  31  34  35  36  38 


S 181.25  Hull  identification  number 
format. 

Each  hull  Identification  number  re- 
quired by  1 181.23  muat  consist  of  12 
characters  as  follows: 

(a)  The  first  three  characters  must 
consist  of  a manufacturer  identification  . 
assigned  under  1 181.31. 

(b)  Characters  4 through  8 must  be 
assigned  by  the  manufacturer  and  must 
be  letters  of  the  English  alphabet  or 
Arabic  numerals  or  both,  except  the  let- 
ters I,  O.  and  Q. 

(c)  Characters  9 through  12  must  In- 
dicate the  date  of  certification.  The 
characters  must  be  either— 

(1)  Arabic  numerals  with  characters 
9 and  10  Indicating  the  month  and  char- 
acters 11  and  12  Indicating  the  last  two 
numerals  of  the  year:  or 

(2)  A combination  of  Arabic  nu- 
merals and  letters  of  the  English  alpha- 
bet with  character  9 Indicated  as  “M." 
characters  10  and  11  the  last  two  nu- 
merals of  the  model  year,  and  character 
13  the  month_of  the  model  year.  The 
first  month  of  the  model  year,  August, 
must  be  designated  by  the  letter  “A.’* 
the  second  month,  September,  by  the 
letter  “B,”  and  so  on  until  the  last  month 
of  the  model  year,  July. 

g 181.27  Addilmwl  characters  in  hsH 
identification  number. 

A manufacturer  may  display  additional 
characters  after  the  12  characters  re- 
quired by  i 181.25  if  they  are  separated 
from  the  hull  Identification  number  by 
a hyphen. 

g 181.29  Hull  identification  number 
display. 

(a)  The  hull  identification  number 
must  be  carved,  burned,  stamped,  em- 
bossed, or  otherwise  permanently  affixed 
to  the  outboard  side  of  the  transom  or. 
If  there  Is  no  transom,  to  the  outermost 
starboard  side  at  the  end  at  the  hull 
that  bears  the  rudder  or  other  steering 
mechanism,  above  the  waterline  of  the 
boat  in  such  a way  that  alteration,  re- 
moval, or  replacement  would  be  obvious 
and  evident. 

(b)  The  characters  of  the  hull  Iden- 
tification number  must  be  no  leas  than 
one-fourth  of  an  Inch  in  height. 

g 181.31  Manufacturer  identification  as- 
signed. 

(a)  Each  person'  required  by  1 18123 
to  affix  a hull  Ulwtlflcatkm  number  may 
request  a manufacturer  Identification 
from  the  Commandant  (QBBC),  400 
Seventh  Street  8W„  Washington,  DC 
20590.  There  Is  no  charge  for  the  assign- 
ment. 

Mfftcttoe  date.  This  amendment  shall 
become  effective  on  November  1, 1972. 

DaM:  July  27, 1972. 


Types  of  Personal  Flotation  Devices 

Type  I— 

A Type  I PFD  is  any  approved  wearable  device  designed 
to  turn  an  unconscious  person  in  the  water  from  a face 
down  position  to  a vertical  or  slightly  backward  position, 
and  to  have  more  than  20  pounds  of  buoyancy.  Recom- 
mended for  offshore  cruising. 

Type  II— 

A Type  II  PFD  is  any  approved  wearable  device  designed 
to  turn  an  unconscious  person  from  a face  down  position  to 
a vertical  or  slightly  backward  position  and  to  have  at  least 
15.5  pounds  of  buoyancy.  Recommended  for  closer  inshore 
cruising. 

Type  III— 

A Type  III  PFD  is  any  approved  wearable  device  de- 
signed to  keep  a conscious  person  in  a vertical  or  slightly 
backward  position  and  to  have  at  least  15.5  pounds  of 
buoyancy.  While  the  Type  III  has  the  same  buoyancy  as 
the  Type  II  PFD,  it  has  a less  turning  moment.  It  does, 
however,  allow  greater  wearing  comfort  and  is  particularly 
useful  when  water  skiing,  sailing,  hunting,  or  engaged  in 
other  such  water  sports.  It  is  recommended  for  use  on  lakes, 
impoundments,  and  close  inshore  operation. 

Type  IV — 

A Type  IV  PFD  is  any  approved  device  designed  to  be 
thrown  to  a person  in  the  water.  It  is  not  designed  to  be 
worn.  It  is  designed  to  have  at  least  16.5  pounds  of  buoy- 
ancy. The  most  common  Type  IV  device  is  a buoyant 
cushion.  A ring  buoy  is  also  a Type  IV  device. 

Type  V — 

A Type  V PFD  is  any  approved  wearable  device  designed 
for  a specific  and  restricted  use.  The  exact  specifications 
and  performance  of  a Type  V PFD  will  vary  somewhat  with 
each  device.  THE  ONLY  PRESENTLY  APPROVED  DE- 
VICE THAT  FALLS  INTO  THE  TYPE  V DESIGNATION 
IS  THE  “WORK  VEST’.  THIS  IS  A DEVICE  DESIGNED 
AND  MARKED  SPECIFICALLY  FOR  USE  BY  PERSONS 
WORKING  AROUND  MERCHANT  VESSELS. 

ALL  PERSONAL  FLOTATION  DEVICES  (PFD’S) 
THAT  ARE  PRESENTLY  ACCEPTABLE  ON  RECREA- 
TIONAL BOATS  FALL  INTO  ONE  OF  THE  FIRST 
FOUR  TYPE  DESIGNATIONS.  ALL  WEARABLE 
PFD’S  SHALL  BE  U.S.  COAST  GUARD  APPROVED. 
READILY  ACCESSIBLE,  IN  SERVICEABLE  CONDI- 
TION, AND  OF  AN  APPROPRIATE  SIZE  FOR  THE 
PERSON  WHO  INTENDS  TO  WEAR  IT.  TYPE  IV 
DEVICES  MUST  BE  IMMEDIATELY  AVAILABLE. 
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ARM  DECISION  TREE  FOR  FINAL  CONFIGURATION  OF  BOAT  (VARIABLE  24) 


VICTIM'S  CONDITION  (VARIABLE  26) 


S BEHAVIOR  AND  CIRCUMSTANCES  (VARIABLE  28) 


TYPE  OF  HFD,  IF  ANY,  USED  BY  VICTIM  (VARIABLE  33) 
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DISTRESS  NOTIFICATION  (VARIABLE  36) 


APPENDIX  IV-A-2.  VARIABLES  CODED  BY  CASE  NUMBERS 


There  were  four  stages  of  development  in  the  ARM  data  base,  as  different  batches  of 
accidents  were  coded  with  new  variables  being  added.  The  following  table  summarizes 
which  variables  were  coded  for  the  different  batches  of  accidents.  In  each  accident 
case  in  which  a variable  was  not  coded,  the  variable  has  been  assigned  the  arbitrary 
value  9999. 


Accident  Case  Numbers 
012835  - 771000 


771001  - 772020 


772021  - 776212 


776213  - 777300 


Variables  Coded 

"Wyle  or  BAR  Number  [WBRN]  (1) 
through 

"Outcome"  [OUTCOM]  (40) 

"Wyle  or  BAR  Number"  [WBRN]  (1) 
through 

"Year  of  Manufacture"  [YOFMF]  (42) 

"Wyle  or  BAR  Number  [WBRN]  (1) 
through 

"Type  of  Power"  [POWER]  (50) 

"Wyle  or  BAR  Number  [WBRN]  (1) 
through 

"Alcohol"  [ALCH]  (51) 


APPENDIX  IV-A-3.  VARIABLE  FORMATTING 


The  inclusion  of  additional  variables  in  the  latest  data  coding  effort  expanded  the 
number  of  data  cards  required  for  each  case.  A reformatting  of  the  data  was  therefore 
performed.  This  reformating  consisted  of  deleting  variables  unnecessary  for  data 
analysis  purposes.  The  variables  "coded  by"  and  "verified  by"  were  deleted  as  were 
the  unused  designations  "variable  4"  and  "variable  7."  These  deletions  allowed  the 


repositioning 

of  the  remaining  variables  so  that 

the  data  for 

each  record  could 

included  on  a 

single  card.  The  following  is  a description  of 

the 

final  format  i 

the  ARM  variables: 

Variable 

Variable  Name 

Format 

Columns 

WBRN 

Accident  Number 

F 

6.0 

1 - 

6 

ARMBN 

ARM  Boat  Number 

F 

2.0 

7 - 

8 

ARMVN 

ARM  Victim  Number 

F 

2.0 

9 - 

10 

STATE 

State 

F 

2.0 

11 

- 12 

MONTH 

Month 

F 

2.0 

13 

- 14 

YEAR 

Year 

F 

2.0 

15 

- 16 

TIME 

Time 

F 

2.0 

17 

- 18 

BLNG 

Boat  Length 

F 

2.0 

19 

- 20 

POB 

Number  of  People  on  Board 

F 

2.0 

21 

- 22 

NPFD 

Number  of  PFDs  on  Board 

F 

2.0 

23 

- 24 

JUR 

Jurisdiction 

F 

2.0 

25 

- 26 

ACTYP 

Accident  Type 

F 

1.0 

27 

- 27 

BTYP 

Boat  Type 

F 

1.0 

28 

- 28 

ACT 

Activity 

F 

1.0 

29 

- 29 

BDW 

Body  of  Water 

F 

1.0 

30 

- 30 

DIST 

Distance  to  Shore 
(other  vessel) 

F 

1.0 

31 

- 31 

ASSTP 

Assisting  Party 

F 

1.0 

32 

- 32 

VSEX 

Victim's  Sex 

F 

1.0 

33 

- 33 

AGE 

Victim's  Age 

F 

1.0 

34 

- 34 

FBTCON 

Final  Boat  Configuration 

F 

2.0 

35 

- 36 

LFB 

Level  Flotation  Boat 

F 

2.0 

37 

- 38 

VCON 

Victim's  Condition 

F 

2.0 

39 

- 40 

HEAL 

Victim's  Health 

F 

2.0 

41 

- 42 
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Variable 

Variable  Number 

Format 

Column 

BC 

Behavior/Circumstances 

F 

2.0 

43  - 44 

TIWB 

Time  In/With  Boat 

F 

2.0 

45  - 46 

PFDAU 

PFD  Availability/Use 

F 

2.0 

47  - 48 

V31 

Time  'til  PFD  Donned/ 

F 

2.0 

49  - 50 

Removed 

V32 

Sufficient  PFDs  On  Board 

F 

2.0 

51  - 52 

PFDTYP 

PFD  Type 

F 

2.0 

53  - 54 

PFDMAL 

PFD  Malfunction 

F 

2.0 

55  - 56 

IMPFD 

Improper  PFD  Use 

F 

2.0 

57  - 58 

DISTOT 

Distress  Notification 

F 

2.0 

59  - 60 

WTEMP 

Water  Temperature 

F 

2.0 

61  - 62 

TIW 

Time  in  the  Water 

F 

2.0 

63  - 64 

WC 

Water  Condition 

F 

2.0 

65  - 66 

OUTCM 

Outcome 

F 

2.0 

67  - 68 

HULLID 

Hull  Identification  Number 

F 

1.0 

69  - 69 

YOFMF 

Year  of  Manufacture 

F 

2.0 

70  - 71 

PFD1 

Number  of  Type  1 PFDs 

F 

1.0 

72  - 72 

PFD2 

Number  of  Type  2 PFDs 

F 

1.0 

73  - 73 

PFD3 

Number  of  Type  3 PFDs 

F 

1.0 

74  - 74 

PFD4 

Number  of  Type  4 PFDs 

F 

1.0 

75  - 75 

PFD5 

Number  of  Type  5 PFDs 

F 

1.0 

76  - 76 

PFDUAP 

Number  of  Unapproved  PFDs 

F 

1.0 

77  - 77 

PFDUNK 

Number  of  Unknown  Type  PFDs 

F 

1.0 

78  - 78 

POWER 

Type  of  Power 

F 

1.0 

79  - 79 

ALCH 

Alcohol 

F 

1.0 

80  - 80 

In  those  cases  in  which  a variable  was  not  coded  (e.g.,  new  variables  added  during 
the  coding  process)  the  corresponding  columns  were  left  blank  on  the  data  card.  How- 
ever, for  computer  analyses  "RECODE"  instructions  were  added  which  recoded  any 
variable  from  HUILID  (Variable  41)  to  ALCH  (Variable  51)  which  was  left  blank,  to 
a 9999  code.  This  9999  code  indicated  that  information  on  a particular  variable 
was  not  coded  for  an  accident.  This  code  therefore  allowed  one  to  distinguish 
among  and  separate  accidents  according  to  the  variables  which  were  coded  for  them. 


APPENDIX  IV-A-4.  WEIGHTING  THE  ARM  DATA 


As  described  in  Section  IV,  3.0,  a weighting  system  based  on  the  variables  outcome, 
boat  type,  and  accident  type  was  developed  for  ARM.  This  was  done  in  order  to  make 
ARM  results  correspond  to  1975  Coast  Guard  statistics  on  these  variables  and  so  that 
ARM  could  be  used  as  a representation  of  1975  statistics  for  those  variables  not 
included  in  the  Coast  Guard  accident  data  base. 

In  order  to  use  the  weighting  system,  all  of  the  instructions  in  Figure  IV-A-1  must 
be  included  in  an  SPSS  computer  run  except  for  the  comment  cards  and  one  of  the 
weight  cards.  The  following  caveats  must  be  observed  when  using  weighted  ARM  data: 

t THE  WEIGHTED  VICTIM  VALUES  MUST  BE  DIVIDED  BY  100.  A multiplicative  factor 
of  100  had  to  be  included  in  the  weights  in  order  for  all  victim  quantities 
to  be  whole  numbers.  This  was  necessary  as  certain  SPSS  statistical  routines 
operate  incorrectly  on  fractional  or  mixed  numbers.* 


• THE  WEIGHTS  ARE  BASED  ON  THE  ENTIRE  SAMPLE.  If  additional  accidents  are 
coded  into  the  ARM  data  base  or  only  part  of  the  data  base  is  used,  new 
weights  will  have  to  be  developed.  This  may  be  done  as  described  in 
Section  IV,  3.2  and  Appendix  III-B.  (For  example,  in  the  case  of  fatal- 
ities, weights  are  essentially  calculated  as 


weight  = 


100) (year  fatality  total) 
ARM  sample  fatality  total) 


As  an  alternative,  an  analyst  may  use  an  approximate  weight  adjustment 
factor,  which  may  be  derived  as  described  on  page  IV-77. 


* In  order  to  weight  the  data  a variable  named  "WTFACTOR"  was  created.  Due  to  the 
fact  that  the  weights  are  not  all  whole  numbers  a variable  called  "DUMMYVAR"  was 
created.  "DUMMYVAR"  was  computed  by  multiplying  "WTFACTOR"  by  100.  Therefore, 
whenever  weighted  data  is  needed  the  variable  "DUMMYVAR"  must  be  used. 
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THC  FOLLOWING  IF  STATEMENTS  CREATE  THE  WEIOHTIN6  SYSTEM 
BASED  ON  OUT '‘ONE* ACCIDENT  TYRE  ANO  BOAT  TYRE.  THC  COMPUTE 
STATEMENT  INITIALIZES  THE  VARIABLE  WTFACTOR  TO  1 INSTEAD 
OF  ZERO. 


COMPUTE 

WTF ACTOR-1 

IF 

(OUTCM 

EO 

1 

ANO 

actyp 

EO 

1 

ANO 

BTVP 

EO 

dwtfactor-io.aa 

IF 

COUTCM 

EO 

1 

ANO 

actyp 

EQ 

2 

AND 

BTVP 

EO 

1 ) WTFACTOR*  7.60 

IF 

1 OUTCM 

EO 

1 

ANO 

ACTYP 

EQ 

A 

ANO 

BTYP 

EO 

1) WTFACTOR*  2.99 

IF 

(OUTCM 

EO 

1 

ANO 

actyp 

EO 

1 

ANO 

BTVP 

EO 

2) WTFACTOR* 16. 34 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

2 

ANO 

BTYP 

EO 

2) WTFACTOR* 19.28 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

3 

ANO 

BTYP 

EO 

2)WTFACT0R*23.62 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

A 

ANO 

BTVP 

EO 

2) WTFACTOR*  8.SS 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

5 

ANO 

BTVP 

EQ 

2) WTFACTOR*  $.62 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EQ 

0 

ANO 

BTVP 

EO 

2) WTFACTOR* 1 J .82 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

1 

ANO 

BTVP 

EO 

3) WTFACTOR* 17.91 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

2 

ANO 

BTYP 

EO 

3 > WTFACTOR*  8.6S 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

3 

ANO 

BTVP 

EO 

3) WTFACTOR. 24. 58 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

A 

ANO 

BTVP 

EQ 

31 WTFACTOR*  6.29 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

0 

ANO 

BTYP 

EO 

3) WTFACTOR*  8.07 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

1 

ANO 

BTYP 

EQ 

4 > WTFACTOR* 1 1.93 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

2 

ANO 

BTVP 

EO 

4 ) WTF  ACTOR  *27 • 36 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

3 

ANO 

BTVP 

EO 

4) WTFACTOR*  2.84 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

A 

ANO 

BTVP 

EO 

4) WTFACTOR*  5.84 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

0 

ANO 

BTYP 

EO 

4)WTFACT0R*26.39 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

1 

ANO 

BTVP 

EO 

5) WTF ACTOR* 17. 03 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EQ 

2 

ANO 

BTYP 

EO 

5) WTFACTOR*  5.23 

IF 

(OUTCM 

EQ 

1 

ANO 

ACTYP 

EO 

A 

ANO 

BTYP 

EO 

S) WTFACTOR*  8.48 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

1 

ANO 

BTVP 

EQ 

0) WTFACTOR*  6.71 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EQ 

2 

ANO 

BTYP 

EQ 

0) WTF ACT0R*1 3.52 

IF 

(OUTCM 

EQ 

1 

ANO 

ACTYP 

EO 

3 

ANO 

BTYP 

EQ 

0)WTFACTOR*48.92 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EO 

A 

ANO 

BTYP 

EQ 

0) WTFACTOR*  4.40 

IF 

(OUTCM 

EQ 

1 

AND 

ACTYP 

EQ 

5 

ANO 

BTVP 

EQ 

0) WTFACTOR*  6.83 

IF 

(OUTCM 

EO 

1 

ANO 

ACTYP 

EQ 

0 

ANO 

BTYP 

EQ 

0>WTFACTOR*15.84 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

1 

ANO 

BTYP 

EQ 

1) WTFACTOR*  3.44 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EO 

2 

ANO 

BTYP 

EQ 

1) WTFACTOR*  7.98 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EO 

A 

ANO 

BTYP 

EO 

1) WTFACTOR*  8.09 

IF 

(OUTCM 

EO 

2 

ANO 

actyp 

EQ 

0 

ANO 

BTYP 

EO 

1) WTFACTOR*  2.8S 

IF 

(OUTCM 

EO 

2 

ANO 

actyp 

EQ 

1 

ANO 

BTYP 

EO 

2) WTFACTOR*  2.23 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EO 

2 

ANO 

BTYP 

EQ 

2) WTFACTOR*  8.40 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

3 

ANO 

BTYP 

EQ 

2) WTFACTOR*  1.48 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EQ 

A 

ANO 

BTVP 

EO 

2) WTFACTOR-  8.62 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

5 

ANO 

BTVP 

EO 

2) WTFACTOR*  6.79 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

0 

ANO 

BTYP 

EO 

2) WTFACTOR*  4*17 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EQ 

1 

ANO 

BTYP 

EO 

3) WTFACTOR*  1.22 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

2 

ANO 

BTYP 

EQ 

3) WTFACTOR*  4.55 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EQ 

3 

ANO 

BTYP 

EQ 

3) WTF ACTOR*. 59 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EO 

A 

ANO 

BTYP 

EO 

3) WTFACTOR*  9.30 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

0 

ANO 

BTYP 

EQ 

31WTF ACTOR*  2*33 

IF 

(OUTCM 

EO 

2 

ANO 

actyp 

EO 

1 

ANO 

BTYP 

EQ 

4) WTFACTOR*  1.89 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EQ 

2 

ANO 

BTYP 

EQ 

4) WTFACTOR*  6*10 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

3 

AND 

BTYP 

EO 

4) WTFACTOR*  0.13 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EO 

A 

ANO 

BTYP 

EO 

4) WTFACTOR*  7.22 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

0 

ANO 

BTYP 

EQ 

4) WTFACTOR*  5. IS 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

1 

ANO 

BTVP 

EO 

5)WTFACT0R*12.61 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EQ 

2 

ANO 

BTVP 

EQ 

S) WTFACTOR*  8.03 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

A 

ANO 

BTYP 

EO 

5) WTFACTOR*  5.77 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EO 

1 

ANO 

BTVP 

EQ 

0) WTFACTOR*  3.85 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EQ 

2 

ANO 

BTYP 

EO 

0) WTFACTOR*  8.04 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EO 

A 

ANO 

BTVP 

EQ 

0) WTFACTOR*  6.60 

IF 

(OUTCM 

EO 

2 

ANO 

ACTYP 

EO 

S 

ANO 

BTYP 

EQ 

0) WTFACTOR*  1.17 

IF 

(OUTCM 

EQ 

2 

ANO 

ACTYP 

EQ 

0 

ANO 

BTYP 

EO 

0) WTFACTOR*  5.48 

C 

THE  FOLLOWING  COMPUTE 

statement  creates 

i THE  VARIABLE  WHICH 

IS  THE 

ACTUAL  FACTOR  TO  WEIGHT 

BY.  OUMMYVAR  IS  THE  RESULT 

COMPUTE 

OF  MULTIPLING  the  weights  by  100.  therefore  all  weighted 

RESULTS  MUST  BE  OIVIOED  BY  100. 

DUMMY VAR-WTF ACTOR* 100 

C 

EITHER 

•WEIGHT  OR  WEIGHT 

STATEMENT 

WITH  THE  KEY  VARIABLE 

•WEIGHT 

WEIGHT 

0UMMYVAR  MUST  BE 

0UMMYVAR 

OUMMYVAR 

: USED 

TO 

GENERATE  WEIGHTED  RESULTS! 

FIGURE  IV-A-1 . SPSS  WEIGHTING  INSTRUCTIONS  FOR  ARM  DATA  BASE 
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APPENDIX  IV-B.  MULTfSTATE  GUIDELINE  PROOFS 


In  this  appendix  we  derive  the  equations  which  are  the  basis  of  Guideline  (10)  in 
Section  IV,  6.2.1,  "Multistate  Analysis  Guidelines." 

As  before  let  a^  be  the  number  of  survivors  and  bi  by  the  number  of  victims  in 
substate  R C-,  and  let  c.  be  the  number  of  survivors  and  d.  be  the  number  of  victims 

o 1 I 1 

in  substate  R C..  To  prove  the  results  in  Guideline  (10)  the  following  lemma  is 

l 1 

required. 


Lemma 


1)  The  total  benefit  obtained  by  transferring  a fraction  r of  victims  in 

substate  R C.  to  R C.  and  the  same  fraction  r of  victims  in  substate 
o J 1 J 


R C.  to  P.  C.  is 
o k 1 k 


2) 


The  total  benefit  obtained  by  first  combining  C-states  and  into  a 
single  C-state  C'  and  then  transferring  a fraction  r of  the  victims  in 


substate  R C*  to  R C is 

o 1 

/(b.+b.  )(c.+c.  ) 

B'  * l^r 


Proof: 


In  case  1 ), 


- <y»k)) 


6 * 'Vpir',oj)  * rbk(pik-pok> 


C;  a . 


/bjci  . x . r,bkck  x 

*7 d^"  V + r("d^-  V 


IV-B- 1 


In  case  2),  a1  = 


yv  b'  = W etc- 


B'  = rb' (p'-p1 ) 
1 o 


-*■(§!■-£> 


'(b,*bk)(V^) 


• <aj+ak> 


The  following  theorem  justifies  Guideline  (10)  and,  in  fact,  is  merely  a restatement 


of  it. 

Theorem:  If  r>0,  then  B=B ' 
if  and  only  if 


ii  A 


>u  ■ fik  or  r3-\ 

Proof:  If  r>0,  then  the  following  statements  are  equivalent: 


IV-B-2 


* 


y mm  ■ '■ 


1 


B = B' 


(b.c.  b.  c. 


<aj+ak> 


(1,.itbk)(citck) 

(VV 


- («j«k) 


t Vk  . 

6i  dk  (VV- 


(bjcjdk  * bkckdj)(yv  ■ <dj><dk)(bo + bk)(cj  * ck> 

bjcjdjd^  + kjC-jdj;  + b^dj  + bkckdjdk  = bjcjdjdk  + bjCkdjdk  + bkc^djdk  + bkckd^dk 


bjcjdk  + bkckdj  = bjckdjdk  + bkcjdjdk 


bjCjdk  " bjckdjdk  ’ bkcjdjdk  + bkckdj  = 0 


(bjdk  - bkdJ.)(cJ.dk  - ckd^)  = 0 


cjdk  = ckdj  or  bjdk  = bkdj 


li  _ fk 

dj  ‘dk 


h..h. 

dj  "dk 


pu  * pik 


ii  a 

dj'dk 


As  the  above  statements  are  all  equivalent,  the  theorem  is  proved. 
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APPENDIX  IV-C 

EXAMPLE  CONTINGENCY  TABLES  USED  IN  SELECTING  C-VARIABLES 
FOR  USE  IN  MULTISTATE  BENEFIT  CALCULATIONS 

The  following  three  tables  are  just  a few  of  the  hundreds  of  crosstabulations  used 
in  selecting  the  C-state  variables  which  were  used  in  multistate  benefit  estima- 
tions. 

The  counts  represent  victim  populations  multiplied  by  a factor  of  one  hundred. 

As  described  elsewhere  in  the  report,  this  factor  was  required  in  order  for  the 
SPSS  computer  program  to  properly  weight  the  ARM  sample  victim  frequencies.  Each 
raw  chi-square  value  was  adjusted  for  this  factor  by  multiplying  it  by  (yg^-).  A 
second  factor  was  also  used  to  adjust  for  the  victim  weighting.  In  the  case  of 
the  PFD  use  benefit  estimations,  this  factor  was  0.0778,  the  ratio  of  the 
(unweighted)  ARM  sample  size  for  when  PFD  use  was  known  (1126)  to  the  correspond- 
ing weighted  population  size  (14,473).  No  adjustment  was  needed  for  the  uncer- 
tainty coefficients  as  these  statistics  are  independent  of  sample  size.  Note 
that  the  uncertainty  coefficients  "With  PFDAU  Dependent"  were  the  ones  applicable 
to  our  analyses. 
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CONTINGENCY  COEFFICIENT  * .OriM^ 

UNCERTAINTY  COEFFICIENT  (ASYH4ETRIC)  - .00954  WITH  PFOAU  DEPENDENT.  - .00413  WITH  AGE  DEPENDENT 

NUM8EW  OF  MISSING  08SEMV AT  IONS  = S3*()d-J 
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V TIME  SERIES  ANALYSIS  AND  THE  BOX-JENKINS  APPROACH 


1.0  INTRODUCTION 

It  is  advantageous  to  separate  the  problem  of  developing  methods  for  evaluating 
benefits  of  Coast  Guard  programs  into  two  areas: 

• Evaluating  the  benefits  that  have  resulted  from  past  and  current 
programs. 

• Predicting  future  benefits  of  actual  or  potential  programs. 

Time  series  analysis  has  applications  in  both  of  these  areas.  In  this  section 
we  present  a general  discussion  of  time  series  methods  and  describe  the  power- 
ful Box-Jenkins  approach.  We  also  discuss  relationships  between  the  time 
series  of  monthly  boating  fatalities  and  time  series  of  marine  fuel  usage, 
boat  ownership,  etc. 

A time  series  is  a collection  of  ttme-related  data  or  observations.  Time  series, 
such  as  the  monthly  inflation  index,  which  are  recorded  at  regular  intervals,  are 
called  discrete  time  series.  Series,  such  as  the  graphical  record  of  a barograph 
(recording  barometer),  which  are  recorded  continuously  are  called  continuous 
time  series.  Continuous  time  series  can  be  approximated  by  discrete  series  by 
taking  values  of  the  continuous  series  at  regular,  short  intervals  of  time.  In 
this  report,  we  shall  be  concerned  solely  with  discrete  series. 

The  Coast  Guard  data  base  of  recreational  boating  accidents  can  be  used  to  gener- 
ate discrete  time  series.  For  example,  a time  series  of  monthly  fatalities 
involving  outboard  boats  can  be  generated  by  merely  counting  the  number  of 
fatalities  involving  these  boats  which  occur  each  month.  In  practice,  a computer 
routine  such  as  the  breakdown  option  of  SPSS  could  be  used  to  generate  the  counts. 

Time  series  analysis  is  primarily  concerned  with  the  development  of  model  equations 
which,  in  some  sense,  describe  the  underlying  structure  of  the  series  and  which  can 
be  used  for  fitting  and/or  forecasting.  The  degree  of  fit  of  a model  depends 
upon  how  well  the  values  It  yields  match  the  actual  data  values  of  the  series. 
Fitting  enables  one  to  estimate  values  of  the  series  between  actual  recorded  values 
However,  a model  may  exhibit  a high  degree  of  fit  to  recorded  series  values  and 


yet  be  a very  poor  descriptor  of  the  underlying  series  structure  and  a very  poor 


predictor  of  values  other  than  the  ones  from  which  It  is  derived.  Indeed,  for 
any  finite  number  of  values  N of  a discrete  time  series  one  can  construct  a poly- 
nomial function  of  degree  N-l  which  fits  the  given  values  exactly.  Perhaps 
more  amazing  is  a corrolary  to  the  Weierstrass  Approximation  Theorem  (Reference 
V-l , p.  481)  which  shows  that  for  any  recorded  continuous  time  series',  and  any 
specified  degree  of  accuracy,  there  is  a polynomial  function  which  fits  all  record- 
ed values  of  the  series  to  within  the  specified  degree  of  accuracy.  However, 
this  polynomial  function  may  exhibit  a very  poor  fit  to  values  of  the  series  on 
which  it  has  not  been  based,  including  future  values  of  the  series.  For  this 
reason,  merely  obtaining  a good  series  fit  is  insufficient  in  most  applications; 
there  should  be  some  indication  that  a fitted  model  will  work  reasonably  well 
outside  the  range  of  values  on  which  it  is  based. 

Some  models  of  time  series  involve  establishing  relationships  among  several  time 
series.  Theories  are  used  to  hypothesize  the  forms  of  equations  and  statistical 
procedures  are  used  to  obtain  the  values  of  the  parameters  in  these  equations 
and  to  test  the  significance  of  these  parameters.  This  kind  of  study  of  economic 
time  series  is  the  subject  area  of  econometrics. 

Some  methods  of  time  series  analysis  are  much  simpler,  assuming  that  a model 
equation  representing  a series  has  a particular  form  and  using  recorded  data 
only  to  estimate  parameter  values  in  the  equation.  Exponential  smoothing  is  one 
such  method.  These  methods  have  the  advantage  of  being  inexpensive  and  relatively 
automatic.  They  have  the  disadvantage  of  often  not  performing  as  well  as  more 
sophisticated  methods.  For  instance,  exponential  smoothing  yields  the  same 
forecast  for  ten  periods  ahead  as  for  one  period  ahead.  The  reader  interested 
in  comparing  forecasting  methods  is  referred  to  References  V-2,  3,  4,  and  5. 

In  the  1960's  Box  and  Jenkins  (References  V-6  and  7)  developed  rather  sophisticated 
methods  for  analyzing  time  series  and  developing  time  series  models.  In  effect, 
the  methods  enable  one  to  use  the  actual  time  series  data  to  select  one  or  a 
combination  of  simple  model  forms  which  efficiently  describe  the  data  structure. 
That  is,  the  time  series  data  is  used  not  only  in  calculating  the  model  param- 
eter values,  but  in  determining  the  actual  model  form  itself.  For  single  time 
series,  these  models  are  called  ARIMA  (Autoregressive  Integrated  Moving  Average) 
models.  In  the  case  of  multiple  series,  the  models  are  called  transfer  function 
model s . 


V-2 


Both  Box-Jenkins  ARIMA  models  and  econometric-like  models  could  theoretically 
be  used  in  developing  models  for  evaluating  the  benefits  of  Coast  Guard  programs. 

For  a number  of  reasons,  including  development  costs,  a decision  was  made  to  use 
models  based  on  the  Box-Jenkins  approach,  rather  than  to  develop  econometric-like 
models  of  boating  fatalities,  accidents,  etc.  Specific  reasons  for  this  decision 
are  detailed  in  the  following  paragraphs. 

A number  of  large-scale  econometric  models  of  the  economy  have  been  developed, 
including  the  Brookings,  FRB-MIT,  OBE  and  Wharton  models.  The  development  of 
these  models  has  cost  several  millions  of  dollars.  Yet,  the  performance  of  these 
models  has  been  less  than  completely  successful.  To  quote  an  article  in  Business 
Week,  "Poor  Forecasts  have  brought  once  high-flying  econometricians  back  to  earth" 
(Reference  V-8).  Several  recent  studies  have  shown  that  Box-Jenkins  ARIMA  modeling 
can  achieve  comparable  or  even  better  forecasting  results  than  can  the  econometric 
models,  and  at  a much  lower  cost. 

For  example,  Naylor,  Seaks  and  Wichern  (Reference  V-9)  compared  forecasts  of  four 
economic  time  series  obtained  by  using  the  Wharton  model  and  Box-Jenkins  methods. 

They  stated,  "As  the  data  shows,  the  Box-Jenkins  results  were  significantly 
better  in  all  cases,  and  except  for  GNP,  they  provide  better  forecasts  by  a factor 
of  almost  two  to  one"  (Reference  V-9,  p.  135).  Narasimham,  Castellino  and  Singpurwalla 
(Reference  V-10)  compared  forecasts  obtained  using  the  large-scale  BEA  econometric 
model  and  Box-Jenkins  ARIMA  models.  In  this  case,  the  models  showed  similar  fore- 
casting errors,  the  BEA  model  being  slightly  better  for  longer  lead  times.  How- 
ever, the  BEA  model  is  much  more  complex;  it  requires  the  use  of  the  Census  X-ll  . 
time  series  program  to  first  deseasonallze  data  and  It  allows  the  user  to  make 
judgmental  intrusions.  The  Box-Jenkins  models  directly  accepted  the  raw  (seasonal) 
data  and  were  not  constructed  so  as  to  accept  judgmental  Intrusions  (although  they 
could  have  been).  These  studies  Indicate  that  even  very  elaborate  econometric 
models,  obtained  at  great  expense,  may  not  serve  as  better  forecasters  than  Box- 
Jenkins  ARIMA  models. 

It  should  be  noted  that  econometric-like  models  are  based  on  a combination  of 
assumptions  derived. from  economic  theory  and  statistical  analyses,  mainly  regres- 
sion analyses  of  (economic)  time  series.  Pierce  (Reference  V-11)  has  recently  shown, 
however,  that  many  of  the  relationships  between  economic  time  series  are  much 


weaker  than  heretofore  thought  and,  therefore,  most  regressions  involving  these 
time  series  have  little,  if  any,  real  significance.  Thus,  econometric  models  are 
liable  to  two  possible  defects:  unwarranted  assumptions  used  in  the  model  develop- 
ment and  inflated  statistical  correlations  between  the  time  series  involved.  The 
Box-Jenkins  method  suffers  from  neither  of  these  problems.  In  fact,  the  Box- 
Jenkins  method  makes  nearly  optimal  use  of  the  data  by  using  it  to  help  determine 
the  model  form  as  well  as  the  model  parameters,  whereas  most  other  forecasting 
methods  assume  a model  form  independent  of  the  data. 

The  Box-Jenkins  method  does  allow  for  the  inclusion  of  exogenous  variables  if 
they  have  strong  relationships  to  the  output  (accident)  variable.  Thus,  for 
instance,  a variable  representing  the  effects  of  a boating  safety  regulation 
could  be  included  in  a model  of  fatality  statistics.  In  fact,  the  use  of  such 
variables  to  determine  the  impacts  of  outside  interventions  is  called  "inter- 
vention analysis"  and  is  the  most  powerful  method  currently  available  for  deter- 
mining the  impact  of  regulations  on  such  statistics  as  monthly  boating  fatalities. 
This  approach  is  one  of  those  we  recommend  for  evaluating  the  effects  of  past 
regulations  when  appropriate  data  is  available.  We  illustrate  its  uses  later  in 
this  report. 

Finally,  as  shown  in  Section  3.0,  even  if  Pierce's  work  (described  above)  is 
ignored  and  simple  regression  analyses  are  used,  expected  relationships  between 
boating  fatality  data  and  other  time  series  data  are  found  to  be  weaker  (often 
much  weaker)  than  would  be  expected  or  would  be  useful. 


2.0  THE  BOX-JENKINS  APPROACH  TO  TIME  SERIES  ANALYSIS 


In  the  following  pages  we  give  a brief  overview  of  the  Box-Jenkins  approach  to  the 
modeling  of  time  series.  The  reader  who  is  interested  in  learning  more  about  this 
approach  should  consult  more  detailed  references.  For  univariate  (single)  time 
series  modeling.  References  V-12,  13,  14  and  7 (in  ascending  order  of  dif- 

ficulty) are  recommended.  For  multivariate  (multiple)  series  modeling,  called 
transfer  function  modeling.  References  V-15  and  7 are  recommended.  We  begin 
the  discussion  with  univariate  modeling. 

2.1  Univariate  ARIMA  Time  Series  Modeling 
Suppose  we  have  a discrete  time  series 

yt*  yt-r  •••’  yt-i ’ *•* 

where  yfc  is  the  observation  at  time  t,  yt_j  is  the  observation  a,t  time  t-1,  etc. 

For  our  purposes  we  may  think  of  yt  as  the  number  of  boating  fatalities  in  month  t. 
(For  purposes  of  mathematical  simplicity  it  is  convenient  to  think  of  the  series  as 
extending  indefinitely  backward  in  time.  In  practice,  this  causes  no  difficulties.) 
For  virtually  all  series,  each  observation  is  related  to  past  observations,  and 
for  many  series  each  observation  is  a linear  combination  (weighted  sum)  of  certain 
past  observations  plus  a random,  "white  noise"  term.  Thus  we  might  have 

yt  * 0.9(yt_1 ) + 0.2(y^_2)  - 0.3(yt_3)  + at, 

which  indicates  that  the  fatalities  in  month  t equal  9/10  of  the  fatalities  in  the 
previous  month,  t-1,  plus  2/10  of  the  fatalities  two  months  previous,  minus  3/10 
of  the  fatalities  three  months  previous,  plus  a random  term  a^.  It 'is  assumed  that 
this  equation  applies  to  every  month  t,  and  that  the  terms  at  are  random,  indepen- 
dent values  from  a normal  distribution  with  a mean  of  zero.  This  type  of  model  is 
called  an  autoregressive  (AR)  process. 

Other  series  exhibit  a different  behavior.  For  these  series,  each  new  value  appears 
to  depend  not  directly  on  previous  values,  but  rather  on  random  terms  or  shocks 
at,  *t_]»  etc.  which  may  be  thought  of  as  random  influences  which  cause  the  series 
to  progressively  deviate  from  a state  of  equilibrium.  For  instance,  a series  might 
be  modeled  by 


yt  = at  - 0.8(at_1)  + 0.7(at_2). 


This  type  of  model  is  called  a moving  average  (MA)  process,  and  the  values  at 
satisfy  the  same  conditions  as  for  AR  processes. 

One  should  not  think  that  a time  series  which  can  be  modeled  by  an  AR  or  MA  process 
is  actually  generated  by  such  a process,  but  rather  that  such  a model  does  a good 
job  of  approximating  the  series'  behavior.  In  the  past  an  analyst  would  choose 
one  of  these  processes  and  attempt  to  model  a time  series  with  it.  This  effort 
might  have  required  the  use  of  several  terms  and  parameters  (term  coefficients)  in 
order  to  achieve  a reasonable  fit  of  the  series.  Box  and  Jenkins  (References  V76, 
-7)  used  properties  of  these  two  processes  to  develop  a more  powerful  approach  to 
model  selection  and  fitting,  one  which  in  their  words  is  "parsimonious"  in  terms 
and  parameters. 

Before  describing  the  Box-Jenkins  approach,  we  must  describe  what  is  meant  by  a 
stationary  time  series.  A series  is  strongly  stationary  if  the  joint  probability 
distribution  of  any  sequence  of  observations  is  independent  of  its  position  in  the 
series;  that  is,  the  series'  properties  are  unaffected  by  a change  in  the  time 
origin.  In  most  applications  one  assumes  a series  has  a noise  term  which  is  normal- 
ly distributed.  In  this  case  all  that  is  required  for  the  series  to  be  stationary 
is  that  the  series'  observations  vary  about  a constant  mean  and  have  a constant 
variance,  i.e.,  the  mean  and  variance  do  not  change  over  time.  While  most  series 
encountered  in  practices  are  not  stationary,  it  is  usually  possible  to  transform 
them  into  stationary  series.  This  is  important  because  almost  all  methods  of  time 
series  analysis  require  that  series  be  stationary  in  order  for  the  statistical 
procedures  used  to  be  valid  and,  in  fact,  often  additionally  require  that  the  series 
have  a mean  of  zero.  Methods  for  achieving  statlonarity  will  be  described  later  in 
this  discussion. 

Returning  to  a discussion  of  AR  and  MA  models,  it  should  be  noted  that  one  some- 
times finds  a large  number  of  terms  included  In  a model  In  order  to  adequately 
fit  a time  series.  Box  and  Jenkins  noted  that  It  Is  often  possible  to  closely 
approximate  an  AR  process  containing  a large  number  of  terms  with  an  MA  process 
containing  only  a few  terms.  Similarly,  It  Is  often  possible  to  approximate  an 
MA  process  containing  a large  number  of  terms  with  an  AR  process  containing  only 


a few  terms.  Furthermore,  they  noted  that  by  combining  AR  and  MA  processes 
involving  a few  terms  into  single  models  an  even  wider  variety  of  AR  processes 
and  MA  processes  involving  many  terms  may  be  efficiently  modeled.  These  models 
are  called  ARMA  (Autoregressive-Moving  Average)  processes  or  models. 

To  describe  ARMA  processes  it  is  necessary  to  introduce  some  notation.  Defining  yt 
and  at  as  before,  an-  autoregressive  process  of  order  p may  be  described  by  the 
equation 

yt = Vt-1  + Vt-2 + •••  + Vt-p + V 

and  a moving  average  process  of  order  q may  be  described  by  the  equation 
t t 1 t-1  2 t-2  q t-q 

In  these  equations  it  is  assumed  that  THE  SERIES  IS  STATIONARY  WITH  MEAN  ZERO.  As 
mentioned  before  it  is  usually  possible  to  transform  series  which  do  not  meet  this 
criterion  into  series  which  do  meet  it.  Such  transformations  will  be  described 
later;  for  the  moment  we  will  assume  that  all  series  satisfy  it. 

The  combined  ARMA  model  of  order  (p,  q)  is  described  by  the  equation 


yt  = Vt-1  + Vt-2  + •••  + *pyt-p  + at  ' Vt-1 


Vt-2 


> . . — 8 . a . _ 
t t-q 


This  is  usually  written  as 


yt  ‘ Vt-1  - Vt-2 


Vt-p  “ 


at  - Vt-1 


• Vt-2 


- Vt- 


This  equation  is  too  cumbersome  to  repeat  very  often  and,  therefore,  notation  has 
been  introduced  to  greatly  simplify  its  form,  as  well  as  to  promote  ease  in  certain 
mathematical  manipulations.  The  notation  is  based  on  the  backshift  operator  B.  The 
operator  B replaces  any  time  series  observation  with  the  previous  operation.  Thus, 
Byt  * yt_r  Bytl  * yt_2»  etc*  Exponential  notation  is  also  used  with  this  opera- 
tor. We  define  Bxyt  * Byt  and,  for  1 > 1,  B^  * B(B^yt).  This  yields  the  simple 
relationship  B*yt  ■ yt_^.  In  any  manipulation,  if  one  remembers  this  relationship 

and  treats  the  operator  B as  if  it  were  a simple  variable  x,  one  will  almost  invar- 
iably obtain  correct  results.  The  equation  for  the  ARMA  model  in  terms  of  the 
operator  B is 


yt  - *Byt  - *2B2yt  - ...  - *pBpyt  - »t  - 9^  - »S^t  - ...  - eqBqat 
or  "factoring  out"  yt  and  at, 

(1  - M - M2  - ...  - <(.pBP)  yt  » (1  - 0 B - 0 B2  - ...  - 0qBq)  at  . 

This  is  the  general  form  of  an  ARMA  model  of  a stationary  time  series  with  mean 
zero.  It  can  easily  be  extended  to  a stationary  series  with  a non-zero  mean  u by 
merely  substituting  y-u  for  y in  the  equation.  For  many  non-stationary  series, 
incorporating  a differencing  operation  into  the  models  will  convert  them  into 
stationary  ones.  To  difference  a series  means  to  subtract  each  observation  from 
the  succeeding  one.  Thus,  for  the  time  series 

yt’  yt-r  yt-2*  ••• 
the  differenced  series  is 

yt  ' yt-r  yt-i  " yt-2’  yt-2  " yt-3*  •••  » 
or  equivalently, 

(1-B)yt,  (1-B)yt-1,  (1-B)yt_2 

To  difference  a series  twice  means  to  difference  the  differenced  series,  and  so 
forth.  Using  the  backshift  operator,  to  difference  a series  d times  corresponds 
to  operating  on  it  with  (l-B)^. 

Box  and  Jenkins  added  this  operator  to  the  ARMA  model  creating  what  they  call  an 
ARIMA  (autoregressive-integrated-moving  average)  model.  This  model  is  the  same 
as  the  ARMA  model  except  for  the  Inclusion  of  the  stationary,  differenced  series 
((1-B)dyt)  In  those  cases  where  the  series  {y^>  Is  nonstationary.  Because  occa- 
sionally the  noise  at  of  even  a differenced  series  will  have  a nonzero  mean,  an 

additional  trend  term  e was  also  added  to  the  model  form  to  account  for  this 

o 

possibility.*  Thus,  the  ARIMA  model  Is  of  the  form 

* The  0^  term  will  also  account  for  the  possibility  of  a nonzero  mean  in  a 
differenced  series. 
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(l-<t>  B-<j>  B2-...-$ nBp)(l-B)dyt  = 0 + (1-0  B-0  B2-. . .-0  Bq)a 

12  P > 0 12  " 1 

for  d > 0,  and 

(l-<t>  B-4>  B2-. . .-4>r,Bp)(y.-n)  =0  +(1-0  B-0  B2-. . .-0„Bq)a. 

12  Pt  0 12  H t 

for  d = 0 and  y the  mean  of  the  stationary  series  > . 

The  first  of  these  equations  is  usually  used  alone  to  represent  the  ARIMA  model. 

In  those  instances  when  d = 0 it  is  understood  that  yt  should  be  replaced  by 
y^-u.*  To  further  shorten  the  notation,  *(B)  is  used  to  represent  the  expression 

(l-$  B-<f>  B2-. . .-<J>  Bp),  and  0(B)  is  used  to  represent  the  expression 

12  p 

(1-0^B-0^B2-. • . -0qBq ) . Thus,  the  general  model  is  expressed  as 
*(B)(1-B)dyt  » 0(B)at,  ** 
and  is  referred  to  as  an  ARIMA  (p,d,q)  process. 

The  model  may  also  be  expressed  as 
$(B)wt  = 0(B)at  , 

where  w = (1-B)dy..  Table  V-l  gives  some  example  illustrations.  For  some  time 
series,  the  differencing  operator  (1-B)a  is  insufficient  to  achieve  stationarity 
alone,  but  when  combined  with  a transformation  stationarity  can  be  achieved.  These 
transformations  are  usually  of  the  form  yt  = log(yt+x)  or  yt  = (yt+x)e,  0<S<1 . 

Such  transformations  are  applied  to  the  time  series  before  differencing. 


* As  the  previous  footnote  suggests,  this  substitution  of  yt~y  for  yt  is  not 
needed  when  the  series  is  differenced. 

**  When  the  equation  is  written  in  this  form,  the  0 term  is  often  understood  to 
be  included  without  being  explicitly  expressed.  0 
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(P,d,q)  = 


(p.d,q)  = 


(p,d,q)  = 


TABLE  V-l.  EXAMPLES  OF  ARIMA  (p,d,q)  MODELS 

(2,0,0):  (1-*  B-<p  B 2)yf  = a 

1 2 1 t 

yt  = °*72yt-l  • °*03yt-2  + at 

(0,1,1):  (1-B)yt  * (1-0B)at 

yt  = yt-1  + at  - °'2at-l 

(1,2,1):  (1-^B)(1-B)2yt  - (l-0B)at 

(1  -[2+<t>  ]B  + (l+2ij)  )B2  - 4>  B3)y*  = (l-eB)a. 

l l l 1 z 

yt  = 2-7yt.1  - 2-4yt-2  + °’ 7yt-3  + at  + 0,4at-i 


v-io 


2.2  Modeling  a Nonseasonal  Time  Series 


Rather  than  enter  into  a discussion  of  the  properties  and  mathematical  details  of 
ARIMA  models,  which  may  be  found  in  Reference  V-7,  we  now  proceed  with  a brief 
description  of  how  to  model  a time  series  with  an  ARIMA  model.  For  the  moment  we 
will  limit  ourselves  to  non-seasonal  or  non-periodic  series.  Seasonal  or  periodic 
series  are  somewhat  more  difficult  to  model  and  so  will  be  taken  up  later.  For  the 
benefit  of  the  novice,  the  procedure  is  presented  as  a sequence  of  steps.  A number 
of  computer  programs  are  available  for  performing  the  analyses.  The  program  used 
in  performing  the  analyses  included  in  this  report  was  developed  by  David  J.  Pack 

(Reference  V-16).  Note  that  an  absolute  minimum  of  50  observations  is  normally 
required  for  the  analysis,  and  that  the  identification  and  checking  stages  of  the 
procedure  require  a good  deal  of  judgment. 

Step  1 - Identification 

Compute  the  autocorrelations* of  the  time  series  {yfc > , say  for  24  or  36  lags.  If 
the  autocorrelations  do  not  become  small  after  a few  lags,  the  series  is  non- 
stationary. In  this  case,  compute  the  autocorrelations  for  the  series  differenced 
once,  i.e.,  for  { (1 -B)yt } . Again,  if  the  autocorrelations  do  not  become  small 
after  a few  lags  difference  the  series  again  to  obtain  { ( 1 -B2 )y t } and  again  compute 
autocorrelations.  Differencing  more  than  twice  is  almost  never  needed. 


* The  autocorrelation  of  the  time  series  (y. } at  lag  k is  the  correlation  of  the 

k ^ 

series  {yt > with  the  series  (B  yt}“{yt_^}.  A number  of  estimates  of  the  auto- 
correlation at  lag  k exist;  the  one  recommended  by  Box  and  Jenkins  (Reference 
V-7)  is: 

N-k 

E(yt'y)(yt*k‘y) 

t*l 

r s ■ ■■  ■ ■ . 

k N 

£(yt-y)2 

t=i 

where  N is  the  number  of  observations  in  the  series  and  y is  the  mean  of  these 
observations. 


Once  the  autocorrelations  become  small  after  a few  lags,  the  proper  degree  of 
differencing  has  been  achieved  and  further  differencing  should  be  avoided.  Do  not 
overdifference.  Because  a certain  amount  of  randomness  is  present  in  the  data 
there  may  be  a few  relatively  large  autocorrelations  at  larger  lags  even  when  the 
series  is  stationary.  These  usually  may  be  safely  ignored. 

Step  2 - Identificaton 

Once  the  proper  degree  (0,  1 or  2)  of  differencing  for  stationarity  is  achieved, 
the  autocorrelations  of  the  properly  differenced  series  should  be  examined  and 
compared  with  the  ideal  patterns  in  Figure  V-l.  The  pattern  for  the  series  will  not 
exactly  match  any  ideal  pattern  but  should  match  one  fairly  closely.  One  or  two  large 
"spikes"*  in  the  autocorrelation  graph  which  have  no  apparent,  theoretical  reason  for 
existing  can  probably  be  safely  ignored.  Autocorrelation  spikes  with  absolute  values 
less  than  twice  their  standard  errors  are  probably  not  significant  and  can  most 
likely  be  ignored  insofar  as  the  modeling  process  is  concerned.  (Spikes  larger 
than  twice  their  standard  errors  are  more  than  95%  likely  to  be  significant.)  To 
help  in  the  identification,  partial  autocorrelations**  may  also  be  examined,  but 
these  often  yield  confusing  patterns.  Once  a pattern  has  been  tentatively  identified, 
one  is  ready  to  develop  an  ARIMA  (p,d,q)  model  based  on  the  ARMA  (p,q)  process 
corresponding  to  this  pattern,  and  on  the  proper  degree  of  differencing,  d,  obtained. 

Step  3 - Estimation 

Having  tentatively  identified  the  ARIMA  (p,d,q)  model  form 

(1-*  B-...-<fc  Bp)(l-B)dyt  = (1-e  B-. . .-enBq)a. , 

1 P t 1 q c 

the  computer  program  can  compute  maximum  likelihood  estimates  of  the  <j>  and  e param- 
eters. Most  programs  require  initial  estimates  of  the  parameters.  The  appendices 
of  Reference  V-7  provide  such  estimates  or  the  analyst  may  arbitrarily  choose  values, 
such  as  0.1,  in  which  case  slightly  more  computer  processing  time  will  be  used  in 
obtaining  the  parameter  values. 


* "Spikes"  refer  to  individual  large  autocorrelations  related  to  MA  processes,  and 
not  to  decreasing  or  other  autocorrelation  patterns  connected  with  AR  processes. 

H 

**The  k'th  partial  autocorrelation  is  4^,  the  coefficient  of  B (1-B)  yt  in  an  order 
k autoregressive  model  of  the  series  {(1-B)dyt),  i.e.  in 
(l+^|clB+^|(2B2+...+^j(k3k)(l-B)dyt  « at. 
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The  following  illustrations  show  representative,  theoretical  shapes  of  auto- 
correlation functions  of  ARMA  (p.q)  models,  <t>(B)yt  = e(B)at,  of  stationary  series 
{yt>.  The  partial  autocorrelation  function  of  a (p,q)  model  has  the  same  shape 
as  the  autocorrelation  of  a (q,p)  model.  Lags  are  represented  on  the  vertical 
axis,  autocorrelations  on  the  horizontal  axis. 

(p.q)  » (0,1):  Single  spike,  of  opposite  sign  to  e . 


e >0 

e 

< 0 

l 

i 

-1  C 

+1 

-1  0 

1 +1 

1 

i 

(p.q)  * (0,2):  Two  spikes,  each  of  sign  opposite  that  of 


0 >0 

, 0 >0 

corresponding  0. 

0 >0,  0 <0 

0 <0, 

0 >0 

0 <0, 

0 <0 

1 

2 

l 

2 

1 

2 

l 

2 

-1 

3 +1 

-1  C 

1 +1 

-1  1 

3 »1 

-1  0 +1 

_____ 
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____ 
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1 

__ 

1 

2 

2 

2 
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(p.q)  = (0,q):  q spikes,  each  of  sign  opposite  that  of 
corresponding  e. 


(p.q)  * (1.0):  Decays  exponentially,  alternating  in  sign  if  $ <0. 


♦ >0  <j>  <0 

l l 


1 c 

+1  -1  c 

+1 

1 



1 

3 

5 

FIGURE  V-l.  REPRESENTATIVE  AUTOCORRELATION  PATTERNS  OF  ARMA  MODELS 
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(p,q)  * (2,0):  Mixture  of  decaying  exponentials  or  damped  sine  wave. 


P >0,  $ >0 
1 2 

-1  0 +1 


P >0,  <j>  <0 
1 2 

-1  0 +1 


<j>  <0,  4 >0 
l 2 

-1  0 +1 


p <0,  p <0 
1 2 

-1  0 +1 


? ? If 

(Patterns  in  which  the  sign  varies  may  have  "periods"  other  than 
those  illustrated.) 


(p,q)  = (p,0):  Mixture  of  decaying,  possibly  oscillating,  exponentials 
and  damped  sine  waves. 

(p,q)  s (1,1):  Decays  exponentially,  possibly  oscillating,  from  first 
lag. 


4>  >9  >0 
1 1 


9 >$  >0 
1 1 


>0>9 
1 1 


9 >0>$ 

1 1 

■1  0 +1 

=TT 


0 ><|>  >9 
1 1 

-1  0 +1 

1 I — 


0>9  >p 
1 1 

-1  0 +1 

=TT 


(p,q)  * (p,q):  For  q-p<0,  mixture  of  damped,  possibly  oscillating,  expo- 
nentials and/or  damped  sine  waves.  For  q-p>0,  the  same  pattern  Is  followed 
after  lag  q-p;  the  first  q-p+1  values  will  not  follow  general  pattern. 


FIGURE  V-1.  (concluded) 


V-14 


Steps  4-8  - Checking 

To  Insure  proper  model  fit,  all  of  the  following  must  be  checked: 

Matrix  of  parameter  correlations 
Confidence  Intervals  of  parameters 
Autocorrelations  of  residuals 
Residual  mean  divided  by  its  standard  error 
Admissible  region  for  the  parameters. 

Step  4 - Checking  the  matrix  of  parameter  correlations 

A high  correlation  (say,  greater  than  0.6)  between  two  parameters  may  indicate  that 
the  model  has  been  overfitted  (over  parameterized).  Try  modeling  with  one  of  the 
parameters  deleted. 


(Note,  however,  that  it  may  be  necessary  to  retain  a parameter  which  has  a high 
correlation  with  another  parameter,  especially  if  its  correlations  with  some 
other  parameters  are  low.) 

Step  5 - Checking  the  confidence  intervals  of  the  parameters 

Computer  programs  usually  give  the  95%  confidence  intervals  of  the  parameters.  If 
the  confidence  interval  for  a parameter  includes  the  value  zero,  the  parameter  may 
not  be  needed.  Try  fitting  a model  without  this  parameter. 


If  the  confidence  interval  for  a parameter  includes  the  value  one,  it  may  be  pos- 
sible to  simplify  the  model.  Check  to  see  if  replacing  the  parameter  value  by  one 
will  allow  simplification  of  the  model  by  removing  (dividing  out)  a common  factor 
on  both  sides  of  the  ARIMA  equation.  If  so,  try  modeling  with  the  simplified 
model  equation  to  see  if  it  yields  satisfactory  results.  Also,  if  the  parameter 

is  <j>  in  a first-order  autoregressi ve  factor  (l-<t>  B),  try  replacing  (1-<j>  B)  by  (1-B). 

l i i 


Step  6 - Check  the  autocorrelations  of  the  model  residuals 

The  value  of  the  chi-square  test  statistic  Q derived  from  these  autocorrelations* 
should  not  be  so  large  as  to- Indicate  significance  at  the  5%  or  10%  level.  Prefer- 


* 


with  K-p-q  degrees  of  freedom,  where  N 


number  of 


observations  In  series  and  K Is  the  number  of  autocorrelations  used  In  the 
chi-square  calculation. 


ably  this  value  should  be  less  than  or  little  more  than  the  associated  number  of 
degrees  of  freedom.  This  will  give  reasonable  Indication  that  the  residuals  are 
white  noise.  (Recall  that  the  expectation  of  a chi-square  variable  equals  Its 
degrees  of  freedom. ) 

If  the  chi-square  value  Is  large,  the  residuals  are  not  white  noise.  In  this  case, 
the  autocorrelations  of  the  residuals  should  exhibit  some  pattern.  This  pattern 
should  be  examined  as  in  Step  2.  The  examination  should  result  in  the  tentative 
identification  of  a model  form  for  the  residuals.  This  model  form  can  be  combined 
with  the  originally  identified  model  form  in  a multiplicative  manner.  Write  the 
AR  portion  of  the  model  as  the  indicated  product  of  the  AR  portions  of  the  original 
model  and  the  residual  model.  Do  the  same  for  the  MA  portion  of  the  model.  Then 
go  to  Step  3. 

Step  7 - Checking  the  absolute  value  of  the  residual  mean  divided  by  its  standard 
error 

If  this  quantity  is  nearly  equal  to  or  is  greater  than  two,  a trend  term  may  be 

needed.  Add  a trend  term  e to  the  model  form  and  repeat  the  modeling  process, 

o 

starting  with  Step  3. 

Step  8 - Checking  the  admissible  region  for  the  parameters 
Very  occasionally  a computer  parameter  estimation  routine  will  yield  parameter 
values  outside  the  admissible  region  for  the  selected  model  form.  The  admissible 
regions  for  the  simpler  model  forms  are  presented  In  Figure  V-2.  If  the  form  Is  more 
complex,  one  can  try  forecasting  numerous  periods  ahead  to  see  if  the  forecasts 
"blow  up"  Indicating  parameter  values  outside  an  admissible  region.  If  one  does 
obtain  inadmissible  parameter  values,  a different  model  form  must  be  used;  start 
again  with  Step  1 or  2. 

Very  often  more  than  one  model  will  be  found  to  be  adequate.  In  this  case,  models 
with  the  fewest  parameters  are  preferable.  The  principle  of  "parsimony"  In  the 
number  of  model  parameters  should  be  followed  throughout  the  modeling  process. 

Another  criterion  to  be  used  In  choosing  one  model  from  several  possibilities  is 
to  choose  one  which  yields  the  smallest  residual  mean  square  and  has  a reasonably 
small  chi-square  value. 
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ARMA  (1,1) 


FIGURE  V-2.  ADMISSIBLE  REGIONS  FOR  SIMPLE  ARMA  PROCESSES 
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2.3  Modeling  a Seasonal  Time  Series 


A monthly  time  series  may  follow  both  a month-to-month  ARIMA  process  and  a year- 
to-year  ARIMA  process.  These  processes  may  be  combined  in  a seasonal,  multipli- 
cative model  of  the  form 

(1-*  B-. . .-<t>  Bp)(l-<j>'Bs-. . .-<|i' ,Bsp'  )(1-B)d(l-Bs)d'yt 
= eQ  +(1-6^-..  .-eqBq)(l-e^Bs-. . .-9q.Bsq'  )at. 

This  is  called  an  ARIMA  (p,d,q)  x (p'.d'.q')  model  where  s is  the  period  of 
seasonality,  and  it  can  be  efficiently  expressed  as 

♦(B)  **(BS)  ( 1 -B ) d (l-BS)d,yt  = 0(B)  ©'(Bs)at 

Seasonal  time  series  may  be  modeled  by  following  the  same  procedure  as  for  non- 
seasonal  time  series  with  the  following  modifications: 

Step  1 - Identification 

To  achieve  stationarity  with  seasonal  series  it  is  usually  necessary  to  at  least 
difference  the  series  by  a differencing  factor  of  order  s,  that  is,  to  perform 
the  operation  ( 1 -Bs )yt • Thus,  if  the  differencing  prescribed  in  Step  1 of  the 
previous  procedure  (Section  V- 2.2)  is  insufficient  this  seasonal  differencing  should 
be  used  instead.  Again,  differencing  more  than  twice  should  seldom,  if  ever,  be 
necessary. 

When  stationarity  is  achieved  the  autocorrelations  of  the  properly  differenced 
series  will  become  small  after  a few  lags,  except  for  values  around  the  lags  s, 

2s,  etc. 

Step  2 - Identification 

In  addition  to  identifying  the  ordinary  ARMA  process,  by  examining  the  first  few 
autocorrelations,  a seasonal  ARMA  process  must  also  be  Identified  by  examining  the 
autocorrelations  at  lags  s,  2s,  3s,  etc.  If  autocorrelations  at  other  lags  are 
ignored,  the  Illustrations  in  Figure  V-l  may  be  used  to  Identify  the  most  likely 
seasonal  ARMA  process.  (In  the  figure,  consider  the  lags  1 , 2,  3,  . . . as  s,  2s, 
3s,...  ) There  will  likely  be  significant  autocorrelations  at  lags  around  (near) 
the  lag  s and  possibly  around  lags  2s,  3s,  etc.  These  result  from  Interactions 
between  the  ordinary  ARMA  process  and  the  seasonal  process,  and  need  not  be  con- 
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sldered  In  the  model  Identification  stage.  Usually,  a simple  AR  or  MA  process 
will  suffice  for  the  seasonal  process.  The  ordinary  (non-seasonal ) and  seasonal 
processes  are  combined  multi  pi icatlvely  as  illustrated  by  the  general  form  of  the 
ARIMA  (p.d.q)  x (p',d',q')s  model. 

The  remaining  steps  for  parameter  estimation  and  model  checking  are  the  same  as 
for  non-seasonal  models. 

2.4  Modeling  Recreational  Boating  Monthly  Fatality  Statistics 

In  this  example  we  illustrate  the  steps  followed  in  modeling  the  monthly  fatality 
statistics  for  recreational  boating  in  the  United  States  as  reported  to  the  Coast 
Guard.  The  time  series  data  was  obtained  from  the  Coast  Guard's  master  file  of 
recreational  boating  accident  data.  The  fatality  data  obtained  does  not  precisely 
match  the  data  in  the  yearly  published  Boating  Statistics,  CG-357  for  two  reasons: 

I 

It  includes  data  on  accidents,  the  reports  of  which  were  received  too  late  for 
inclusion  in  CG-357.  Also,  the  master  file  data  base  was  recently  recoded.  The 
data  presented  here  comes  from  the  recoded  data  base  while  CG-357  statistics  are 
based  on  the  older  coding. 

The  printout  illustrations  are  from  a computer  program  developed  by  David  0.  Pack 
(Reference  V-16).  Figure  V-3  is  a plot  of  monthly  boating  fatalities  from  January, 
1969  through  December,  1976.  This  time  series  is  clearly,  strongly  seasonal  and  so 
we  follow  the  modeling  steps  for  both  nonseasonal  and  seasonal  series  that  are  pre- 
sented above. 


Step  1 - Identification 

Autocorrelations  were  first  computed  for  the  original  series  (yt } and  the  series 
differenced  once  {(1 -B)yt>  and  twice  { ( 1 - B ) 2y t } . As  these  autocorrelations  did 
not  "die  out"  at  large  lags,  autocorrelations  were  next  calculated,  first  for  the 
series  differenced  by  order  twelve,  {(1-B12)yt),  and  then  additionally  differenced 
once,  {(1-B)(l-B12)yt>,  and  twice  {(l-Bj^O-B12^}.  The  printouts  are  illustrated 
In  Figures  V-4  through  V-7. 

Examining  the  autocorrelation  plots,  it  appears  that  the  series  { (1 -B) (1 -B12)yt> 

Is  (closest  to)  stationary.  This  Is  confirmed  by  comparing  the  Chi-square  values 
In  Figure  V-4.  The  Chi-square  value  for  the  selected  series  Is  less  than  the  values 
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for  the  two  other  series.  Indicating  that  Insofar  as  overall  autocorrelation  values 
are  concerned  the  selected  series  is  the  one  closest  to  being  stationary. 


Step  2 - Identification 

Examining  the  autocorrelation  plot.  Figure  V-6  of  the  selected  series  and  the  auto- 
correlation values  and  standard  errors.  Figure  V-4,  it  Is  clear  that  the  model  should 
contain  an  MA(1)  factor  (refer  to  Figure  V-1).  In  addition.  It  appears  that  the 
series  should  contain  either  an  AR(12)  factor  or  an  MA(12)  factor. 

Examination  of  a plot  of  the  selected  series  partial  autocorrelations.  Figure  V-8, 
tends  to  confirm  our  choice  of  an  MA(1)  factor.  Also,  as  the  partial  autocorrela- 
tions at  lags  24  and  36  are  insignificant,  we  are  led  to  believe  that  an  AR(12) 
factor  rather  than  an  MA(12)  factor  Is  appropriate. 

Thus  our  initial  choice  for  a model  form  of  the  time  series  of  fatalities  is  the 

ARIMA  (0,1,1)  x (1,1,0)  seasonal  model, 

12 

(1-<J>*  B12)(l-B)  (1-B12)yt  = (1-e  B)a.  . 

l tit 

Because  decisions  based  on  the  partial  autocorrelation  function  are  somewhat  un- 
certain, we  also  take  (1 -B) (1 -B12 )y . 3 (1-e  B)(l-e'B12 )a.  as  a second  choice  for 

t lit 

a model  form  and  estimate  both  (although  we  only  discuss  our  initial  choice  in 
detail ). 

Step  3 - Estimation 

Using  Reference  V-7,  the  initial  estimates  e * 0.8  and  = -0.5  are  made  for  the 
parameters  of  model  1.  (Note  that  for  an  AR^l)  process,  the  parameter  equals  the 
corresponding  correlation.)  The  computer  program  is  then  used  to  generate  param- 
eter values  accurate  to  three  places. 

Figure  V-9  is  a printout  of  the  actual  and  fitted  values  and  their  differences,  the 
residuals.  This  figure  also  contains  the  correlation  matrix  of  the  parameters. 

Figure  V-10  is  a printout  of  a sunmary  of  the  model  and  the  autocorrelations  of  the 
residuals  while  Figure  V-ll  is  a plot  of  these  autocorrelations. 
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Step  4 - Checking  the  Matrix  of  Parameter  Correlations 


In  Figure  V-9  we  see  that  there  is  a correlation  of  -0.267  between  <j> ' and  e , cer- 

1 l 

tainly  an  acceptably  low  value. 

Step  5 - Checking  the  Confidence  Intervals  of  the  Parameters 

Figure  V-10  shows  that  the  confidence  intervals  for  <)>'  and  e contain  neither  zero 

l l 

nor  one. 

Step  6 - Checking  the  Autocorrelations  of  the  Model  Residuals 

As  seen  in  Figure  V-10,  the  value  of  the  associated  Chi-square  test  statistic  is 
22.7  with  22  degrees  of  freedom.  This  gives  good  indication  that  the  model  resid- 
uals are  white  noise. 

Figures  V-10  and  11  indicate  that  there  are  significant  (greater  than  twice  their 
standard  errors)  residual  autocorrelations  at  lags  four  and  ten.  However,  as  there 
is  no  logical  reason  for  these  to  be  large  and  as  the  Chi-square  value  is  acceptable, 
we  treat  these  large  autocorrelations  as  spurious  and  ignore  them.  (We  could  add 

moving  average  factors  of  the  form  (l-e  B4)(l-e  B10)  to  the  model,  but  we  would  be 

. v 10 

violating  the  principle  of  parsimony.) 

Step  7 - Checking  the  Residual  Mean  Divided  by  its  Standard  Error 

This  value,  in  Figure  V-10,  is  0.367  which  is  not  close  to  two,  indicating  that  no 

trend  term  e is  needed. 

o 

Step  8 - Checking  the  Admissible  Region  for  the  Parameters 

The  model  form  is  not  one  of  those  covered  in  Figure  V-2.  However,  forecasting, 
say,  100  periods  ahead  from  base  period  36,  Figure  V-12,  indicates  that  the  param- 
eter values  are  acceptable,  as  the  forecasts  do  not  "blow  up."  (Note:  this 
particular  forecasting  Is  used  only  as  a check  on  the  acceptability  of  the  param- 
eter values  and  is  not  used  to  actually  predict  fatalities.) 

The  model  meets  the  tests  for  checking  model  adequacy,  so  we  tentatively  accept  It 
as  our  model  of  monthly  boating  fatality  statistics.  As  a second  model  possibility 
was  considered,  we  must  compare  these  models  according  to  the  criteria  presented  at 
the  end  of  2.2.  We  perform  the  same  type  of  analyses  on  our  second  choice  for  a 


model  form.  We  find  that  it  too  passes  all  of  the  tests  of  adequacy.  Table  V-2 
summarizes  both  models.  Comparing  the  model  summaries  we  see  that  model  2 yields 
a slightly  smaller  residual  mean  square  and  a very  slightly  larger  chi-square 
value.  The  correlation  between  parameters  Is  less  for  model  2 than  for  model  1. 
Clearly  the  models  yield  about  equally  good  fits,  but  model  2 appears  to  be 
very  slightly  better.  Thus,  we  choose  model  2, 

(1-B)(l-B12)yt  = (l-0.630B)(l-0.669B12)at, 
as  the  ARIMA  model  of  the  monthly  boating  fatality  statistics. 

TABLE  V-2.  SUMMARY  OF  MODELS  OF  MONTHLY  BOATING  FATALITY  STATISTICS 


Residual 

Correlation 

White  Noise 
Residuals 

Mean 

Between 

Chi-Square 

Square 

Parameters 

Test  Statistic 

1.  (1+0.693B12)(1-B)(l-B12)yt  = (l-0.723B)at 

466 

-0.267 

22.7,  df  * 22 

2.  (1-B)(l-B12)yt  =■  (1-0. 630B)(l-0. 669B12)at 

462 

0.026 

23.6,  df  » 22 
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FIGURE  V-4.  AUTOCORRELATIONS  OF  DIFFERENCED  SERIES 
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FIGURE  V-8.  PARTIAL  AUTOCORRELATIONS  OF  {(1-B)(l-B12)yt> 
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2.5  Multivariate.  Transfer  Function  Modeling 

The  Box- Jenkins  approach  to  multivariate  time  series  modeling  makes  use  of  linear 
filters  and  associated  transfer  functions.  Consider  two  stationary  time  series, 
an  input  series  {xt>  and  an  output  series  (yt>.  We  are  to  model  (yt > using  the 
series  as  an  (independent)  input.  It  is  often  possible  to  model  {yt>  using 
a model  of  the  form 


yt = Vt + Vt-1  + Yt-2 + •••  + nt 

* (v  + v B + v B2  + . . . )x*  + n. 

0 12  t t 

= v (B)xt  + nt 


where  nt  represents  the  residual  noise. 

This  model  involves  a linear  filter  , and  the  operator 


V(B)  =v  + v B + v B2  + . . . 

0 1 2 

called  the  transfer  function  of  the  filter. 

Now,  in  practice,  it  might  be  necessary  to  use  a transfer  function  involving  many 
terms  in  order  to  develop  an  adequate  model.  Box  and  Jenkins  therefore  suggest 
a procedure  analogous  to  ARIMA  time  series  modeling.  Rather  than  express  the 
transfer  function  V(B)  as  a sum  of  many  terms,  i.e.,  a long  polynomial  in  B,  one 
may  be  able  to  approximate  V(B)  by  the  quotient  of  two  relatively  simply  poly- 


where  fl(B)  and  6(B)  are  polynomials  in  B. 

Now,  it  often  happens  that  (x^)  is  a "leading  indicator"  of  {yt } so  that  in  the 
expression 

(v  + v B + v B2  + ...)xt 
0 12  t 

the  first  b coefficients,  v , v , ....  v.  ,,  are  zero.  It  is,  therefore,  con- 

o i b-1 

venient  to  express  the  polynomial  n(B)  as 


V- 33 


n(B)  = u(B)Bb 
and  to  write 


which  becomes 


We  shall  express  our  models  in  one  of  the  latter  two  forms,  or  the  equivalent 
form 

(1  - 6^B  - ...  - 6rBr)yt  * (cu^  - oj^B  - ...  - wsBS)xt_t)  + 6(B)nt 
To  develop  an  adequate  model  , 


it  is  first  necessary  to  determine  the  orders  r and  s of  the  polynomials  6(B)  and 
w(B)  and  the  lag  value  b.  Just  as  the  values  (p,d,q)  determine  the  form  of  an 
ARIMA  model,  the  values  (r,s,b)  determine  the  form  of  the  transfer  function  part 
of  our  model.  The  residual  noise  nt  is  usually  not  white  noise  and  can  also  be 
modeled  as  described  later. 

A basic  tool  used  in  identifying  (r,s,b)  is  the  crosscorrelation  function.  Cor- 
relations between  yt  and  xt,  xt_j,  xt_2*  •••  are  calculated.  Unfortunately,  auto- 
correlations present  in  {xp  and  {yt } strongly  affect  the  crosscorrelation  values, 
making  it  impossible  to  directly  use  these  values  for  identification.  However, 
by  removing  the  autocorrelation  from  the  series  {xt>  it  does  become  possible  to 
use  the  crosscorrelation  function  for  identification. 

The  process  of  removing  the  autocorrelation  present  in  the  input  series  {x^.}  is 
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called  prewhitening  and  it  involves  developing  an  ARIMA  model  for  {x^.}.  This 
model  may  be  expressed  as 

‘x"» 

“t  " e^TET  t • 

where  (ot^ } is  the  white  noise  residual  series  of  the  series  { xt } - The  series 
{y^}  niay  be  transformed  with  this  same  transformation  to  obtain 

*x(B) 

8t  " eTHI  yt  * 

Note  that  the  series  {Bt>  will  usually  not  be  white  noise. 

Now,  it  can  be  shown  (Reference  V- 7)  that  if 
yt  = V(B)xt  + nt 

then 

* V(B)at  + et> 

where  , 

*X(B)- 

et  = ?7bT  nt  • 

x' 

Furthermore,  if  pag(k)  is  the  crosscorrelation  between  the  series  (6^)  and 
{at-k}*  then 


where  a , a.  are  the  standard  deviations  of  the  series  {a*},  {8*}. 
a p it 

Because  the  series  contain  noise,  the  theoretical  crosscorrelations  p _(k)  can 

Qlp 

only  be  approximated,  but  these  approximations  are  usually  sufficiently  good  to 
provide  a rough  basis  for  selecting  suitable  values  for  (r,s,b). 
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Up  to  this  point  we  have  discussed  only  the  case  of  a single  input  series  {xt } . 

The  current  state  of  the  art  requires  that  multiple  input  series  (x-j  t>, 

....  {x  be  treated  as  being  independent  and  for  model  identification  purposes 
a separate  identification  between  each  {x.  .}  and  {y.}  be  performed.  The  resulting 

I ) l u 

model  form  would  be 


yt  = Vj^B^xl,t  + VB^X2,t  + '•*  + VB^xm,t 


a)  (B)  u (B) 

1 2 

T~m  xl,t-b  + ^TBI  x2,t-b  + •••  + ObT  xm,t-bm 
1 12  2 m m 


um(B) 

m 


Up  to  this  point  we  have  assumed  that  the  input  and  output  series  are  stationary. 
Also  we  have  not  discussed  the  form  of  the  noise  series.  We  shall  now  do  so  for 
the  case  of  a single  input  series.  The  extension  to  multiple  inputs  is  obvious. 

Given  an  output  series  {y^}  and  an  input  series  { xt > , either  or  both  of  which 
are  nonstationary,  we  may  usually  induce  stationarity  by  properly  differencing 
these  series.  The  form  of  a transfer  function  model  of  these  series  is  then 


The  noise  series,  nt,  may  be  thought  of  as  a separate  series  and  modeled  as 
any  univariate  series.  The  model  form  for  nt  would  be 

*(B)(1-B)d"nt  * e(B)at 

where  {a^}  is  a white  noise  series,  and  we  would  normally  expect  to  have  d"  = 0. 
To  combine  this  model  with  the  transfer  function  model  we  rewrite  it  as 


n = 9(B) 

t . / D Wl  D\d" 


♦(B) (1-B) 


We  then  can  combine  the  two  models  to  obtain  the  complete  model  form. 


(l-B)V 


1-B)d’x  + 

B7^“Xt-b+ 


MU 


*(B)(1-B)( 


nr  a. 


Depending  on  the  computer  program  used,  some  of  the  factors  in  the  model  may 
have  to  be  shifted  between  the  sides  of  the  equation.  Also  some  of  the  indicated 
differencing  may  be  restricted 


Multiplicative  models  are  also  possible  in  which  the  factors  we  have  indicated 
are  replaced  by  products  of  similar  type  factors.  It  should  be  noted  that  w(B) 
is  called  an  input  lag  factor  while  5(B)  is  called  an  output  lag  factor. 


In  the  following  paragraphs  we  sketch  the  multivariate  model  building  procedure. 
However,  because  of  the  intricacies  involved,  the  analyst  who  desires  to  use  this 
procedure  should  study  References  V-7  and  15. 

2.6  Transfer  Function  Modeling  Procedure 

In  the  following  paragraphs  we  briefly  cover  the  steps  used  to  develop  multi- 
variate, transfer  function  models.  The  reader  is  again  referred  to  References  V- 
7 and  15  for  far  more  complete  descriptions  of  the  procedure.  All  series  must 
contain  the  same  number,  n,  of  observations. 

Step  1 - Inducing  Stationarity  in  the  Series 

The  input  and  output  series  should  be  differenced  until  their  autocorrelations 
"die  out"  quickly,  and  the  crosscorrelations  between  each  input  series  and  the 
output  series  does  the  same. 

Some  computer  programs  require  the  same  degree  of  differencing  for  all  series, 
while  others  allow  individual  series  differencing. 

Step  2 - Prewhiten  Each  Input  Series 

A univariate,  ARIMA  model  must  be  developed  for  each  input  series. 


/i 
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The  crosscorrelation  function  of  each  prewhitened  input  series  with  the  identical- 
ly transformed  ("prewhitened")  output  series  is  calculated.*  The  corresponding 
impulse  response  weights  are  also  calculated.  The  pattern  of  these  values  will 
be  used  in  identifying  (r,s,b).  Note  that  the  standard  error  of  the  crosscorrela- 


tions is  approximately 


where  n is  the  number  of  series  observations. 


Cross - 


correlations  are  considered  significant  if  their  absolute  values  are  nearly  or 
greater  than  or  equal  to  twice  their  standard  errors.  In  this  case,  the  correspond- 
ing impulse  response  weights  are  also  considered  significant. 


b is  the  number  of  nonsignificant  crosscorrelation  values  before  the  first  signi- 
ficant value.  That  is,  we  approximately  have  that 


v = v = • • • * v.  , * 0,  v.  f 0. 
01  D- 1 b 


Step  5 - Identifying  r 


After  the  first  b "zero"  crosscorrelation  (or  impulse  response)  values  there  may 
be  some  irregular  values  which  follow  no  obvious  pattern  or  which  appear  tc  be 
moving  average-type  spikes.  Following  these  values  there  may  be  values  which 
follow  an  autoregressive  pattern,  r is  the  number  of  startup  or  initial  values 
which  determine  this  pattern,  i.e.,  r is  the  order  of  this  autocorrelation  pat- 

* A formula  which  is  often  used  for  the  crosscorrelation  at  lag  k is 

N-k 

E (Vx)(yt+k-y) 

r (k) 
xy'  ' 


where  N is  the  number  of  observations  in  each  series,  and  x and  y are 
the  means  of  the  respective  series. 


V-38 


tern.  Often  one  will  have  to  choose  more  than  one  tentative  value  for  r and  test 
each  possibility  to  determine  which  yields  the  best  model. 

Step  6 - Identifying  s 

Count  the  number,  m,  of  irregular  values,  if  any,  described  in  step  5.  Let 
s = m + r - 1.  Note  that  if  there  are  no  irregular  values,  then  s < r. 

Step  7 - Identifying  the  Noise  Model 

The  computer  program  used  to  calculate  the  crosscorrelations  of  the  prewhitened 
series  may  also  yield  rough,  estimated  autocorrelation  and  partial  autocorrela- 
tion values  for  the  noise  series  and  for  the  noise  series  after  differencing. 

If  such  is  the  case,  an  initial  identification  of  an  ARIMA  model  for  the  noise 
series  can  be  made.  If  not,  identification  of  the  noise  model  can  be  made  during 
the  checking  stage  by  examining  the  model  residuals. 

Step  8 - Estimation 

Each  initially  identified  choice  of  (r,s,b)  and  the  noise  model  is  used  to  obtain 
an  estimated  multivariate  model  of  the  properly  di fferenced  input  and  output 
series.  (For  a single  input  series  xfc,  the  model  has  the  form  illustrated  at  the 
top  of  page  V-37.)  The  differences  used  are  those  obtained  in  Step  1,  while 
(r,s,b)  is  obtained  in  Steps  5,  5 and  4,  and  the  noise  model  is  obtained  in 
Step  7. 

Initial  estimates  of  the  parameters,  provided  by  the  analyst,  are  input  into  the 
estimation  program  which  then  computes  maximum  likelihood  estimates  of  the  model 
parameters.*  The  program  then  computes  autocorrelations  and  partial  autocorrela- 
tions of  the  residual  series,  and  crosscorrelations  of  the  residual  series  with 
the  prewhitened,  differenced  input  series.  These  values  are  used  in  the  following 
checking  steps. 


* Most  programs  actually  compute  estimates  which  minimize  the  conditional  sum  of 
squares  of  the  model  residuals.  These  estimates  approximate  the  maximum  likeli- 
hood estimates. 
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Step  9 - Checking  b 


The  value  of  b which  yields  the  least  residual  mean  square  is  probably  the  correct 
choice. 

Step  10  - Checking  the  Crosscorrelation 

If  the  crosscorrelations  between  the  prewhitened  input  and  residual  series  have 
a significant  pattern,  the  transfer  function  portion  of  the  model  is  inadequate. 

The  computer  program  used  may  feature  a Chi-square  test  based  on  these  cross- 
correlations whichcan  be  used,  in  the  same  manner  as  the  test  described  for 
univariate  series,  to  determine  if  the  crosscorrelations  contain  a significant 
pattern.  If  a significant  pattern  exists,  it  may  be  used  to  help  identify  the 
manner  in  which  the  initial  selection  of  the  transfer  function  portion  of  the 
model  form  may  be  modified.  The  procedure  is  analogous  to  that  of  the  univariate 
case. 

Note  that  if  the  transfer  function  portion  of  the  model  is  inadequate,  the  residuals 
will  also  exhibit  significant  autocorrelations,  so  this  portion  of  the  model  must 
be  adequate  before  the  noise  portion  of  the  model  can  be  checked. 

Step  11  - Checking  the  Autocorrelations  of  the  Residual  Noise  Series 

Once  the  crosscorrelations  indicate  that  the  transfer  function  portion  of  the 
model  is  adequate,  the  autocorrelations  of  the  residual  noise  series  can  be  used 
to  determine  if  the  noise  portion  of  the  model  is  adequate.  This  is  done  pre- 
cisely as  in  the  univariate  case. 

Just  as  in  the  univariate  case,  models  with  multiplicative  and  seasonal  factors 
may  be  developed.  The  procedures  are  analogous  to  those  of  the  univariate  case. 


As  part  of  our  analysis  of  the  benefit  impact  of  certain  Coast  Guard  interim  boat- 
ing safety  standards,  an  attempt  was  made  to  create  transfer  function  models  in- 
volving different  time  series  of  fatalities.  Unfortunately,  for  the  time  series 
considered,  no  strong  transfer  function  relationships  were  found.  Details  of  the 
analyses  are  presented  in  Section  VII,  2.5. 


3.0  RELATIONSHIPS  BETWEEN  BOATING  FATALITIES  AND  OTHER  VARIABLES 


3.1  Introduction 

As  originally  envisioned  in  the  project  proposal  (Reference  V-17),  accident  fore- 
casting and  the  impact  assessments  of  past  regulations  would  be  based  not  only  on 
past  accident  data,  but  also  on  related  data,  such  as  boat  ownership  and  marine 
fuel  usage.  Research  indicates,  however,  that  this  econometric-like  approach 
will  not  be  satisfactory.  Some  general  reasons  for  this  conclusion  were  described 
in  Section  V-1.0.  In  the  following  pages  we  examine  specific  time  series  data 
which  "should"  be  related  to  boating  accident  data  and  discuss  the  difficulties 
encountered  which  made  it  impractical  to  use  this  data.  As  a result,  the  Box- 
Jenkins  methods  and  other  methods,  previously  described  or  to  be  described  in 
later  sections,  were  used  to  provide  the  needed  capability  in  accident  forecasting 
and  regulatory  impact  assessment. 

An  econometric  approach  to  accident  forecasting  would  involve  using  statistical 
methods,  such  as  regression,  to  relate  accident  data  to  factors  which  "should" 
have  causal  relationships  with  accidents.  For  example,  one  would  think  that 
there  should  be  some  relationship  between  the  number  of  boating  fatalities  in 
a given  year  and  the  number  of  boats  owned  that  year  or  the  change  in  the  number 
of  boats  that  year  (i.e.,  new  boats  purchased  less  old  boats  scrapped).  Regret- 
tably, there  does  not  appear  to  be  strong,  relatively  straightforward  relation- 
ships among  these  variables.  In  fact,  any  year's  fatality  data  appears  to  be 
more  closely  related  to  the  year  (date).  In  the  following  paragraphs  we  present 
the  statistical  justification  for  these  observations. 

3.2  Relationships  Between  Boat  Ownership  and  Boating  Fatalities 

Table  V-3  presents  data  on  boats  owned  and  boating  fatalities.  The  first  column 
of  the  table  presents  the  Marex  industry  estimates  of  the  numbers  of  boats  owned 
in  each  year.  The  second  co,lumn  presents  the  change  (increase  or  decrease)  in  the 
number  of  boats  owned  from  the  previous  year.  This  figure  represents  the  number  of 
new  boats  sold  that  year  less  the  number  of  boats  scrapped  that  year.  The  third 
column  contains  the  number  of  boating  fatalities  for  each  year  beginning  in  1960 
as  presented  in  the  Coast  Guard  annual  CG-357  statistical  summary  reports.  (Data 
for  years  prior  to  1960  was  not  available  at  the  time  the  analyses  were  carried  out.) 
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TABLE  V-3.  BOAT  OWNERSHIP  AND  BOATING  FATALITIES 


Year 

Total  Boats  Owned 
(Thousands) 

Yearly  Change  in 

Boat  Ownership 
(Purchased  Less  Scrapped) 
(Thousands) 

Fatalities** 

fill 

6,686 

m 

6,954 

268 

1958 

7,330 

376 

1959 

7,800 

470 

1960 

8,025 

225 

819 

1961 

7,175* 

-850* 

1101 

1962 

7,468 

293 

1055 

1963 

7,678 

210 

1104 

wrm 

7,700 

22 

1192 

WSM 

7,865 

165 

1360 

mm 

8,074 

209 

1318 

KBS 

8,275 

201 

1312 

D 

8,440 

165 

1342 

8,646 

206 

1350 

mm 

8,814 

168 

1418 

1971 

8,981 

167 

1582 

1972 

9,210 

229 

1437 

1973 

9,435 

225 

1754 

1974 

9,615 

180 

1446 

1975 

9,740 

125 

1466 

1976 

10,105 

365 

1264 

* Note  that  there  almost  certainly  was  a change  in  1961  In  measuring  the 
total  number  of  boats  owned. 

**  CG-357  data. 
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3.2.1  Boat  Ownership  as  a Function  of  Time 


The  first  analysis  performed  was  a linear  or  trend  analysis  of  the  yearly,  total 
boat  ownership  data.  This  data  is  plotted  in  Figure  V-13.  In  this  analysis,  as  in 
all  others,  the  coefficient  of  determination,  r2 , was  calculated  as  a measure  of  the 
model  fit.  This  coefficient  measures  the  fraction  of  the  variance  In  the  dependent 
variable  data  accounted  for  by  the  independent  variable  in  the  fitted  model  (Refer- 
ence V- 1 8 ) . The  fitted  linear  model  for  the  "total  boats  owned  vs.  year"  data  is 

y = (149,749. 3506)x  - 286,120,747  with  r2  = 0.92. 

An  examination  of  the  data  and  plot  in  Figure  V-13  shows  a marked  drop  in  boat  owner- 
ship in  1961.  This  drop  is  so  large  as  to  make  one  suspect  that  there  was  a change 
that  year  in  the  method  used  by  Marex  to  estimate  the  number  of  boats  owned,  and 
previous  years'  estimates  were  not  revised.  The  data  beginning  with  1961  shows  a 
very  linear  plot.  In  fact,  the  data  fits  the  trend  line 

y = (185,560.2941 )x  - 356,699,126  with  r2  = 0.99. 

Yearly  changes  in  boat  ownership  were  also  analyzed.  We  defined: 

year  x change  in  ownership  = (boats  owned  in  year  x)  - (boats  owned  in  year  x-1). 

These  quantities  are  displayed  in  Table  V-3  and  plotted  in  Figure  V- 1 4 . They  show  no 
obvious  linear  trend.  To  check  this,  a linear  trend  analysis  was  performed  for  the 
years  1962-1976  with  a resultant  r2  value  0.05.  This  value  of  r2  is  clearly  insigni- 
ficant. Additionally,  from  the  data  plot  in  Figure  V-14  it  appears  that  the  data  does 
not  follow  any  particularly  regular  pattern.  Unfortunately,  there  really  is  an  insuf- 
ficient number  of  data  points  to  perform  an  adequate,  more  sophisticated  analysis  of 
the  time  series  to  determine  if  a less  obvious  pattern  does  exist.  Additionally, 
we  have  some  reason  to  question  the  data  on  the  basis  of  the  1975  turndown.  The 
occurrence  of  the  gasoline  "crisis"  in  1973  would  lead  one  to  believe  that  this 
turndown  should  have  occurred  a year  earlier,  in  1974.  In  any  event,  it  appears 
that,  for  the  purpose  of  predicting  the  yearly  change  in  boat  ownership,  the  1962- 
1976  mean  of  this  time  series,  195,000  boats,  is  about  as  good  a predictor  of 
future  changes  in  boat  ownership  as  it  is  possible  to  get  with  the  data  we  have 
available.  This  conclusion  is  based  on  the  large  variation  in  the  data,  the  very 
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small  trend  component  In  it,  which  accounts  for  less  than  5*  of  this  variation, 
and  the  extremely  small  r2  value.  An  alternative  possibility  would  be  to  use 
the  average  of  the  two  latest  years'  values.  Using  the  years  1975  and  1976 , this 
would  be  245,000  boats. 

3.2.2  Fatalities  as  a Function  of  Time 


We  now  turn  to  regression  analyses  of  the  1960-1976  fatality  data  presented  in 
Table  V-3  and  plotted  in  Figure  V-15.  As  the  plot  shows,  this  data  clearly  con- 
tains a trend  component,  but  it  appears  that  the  trend  is  leveling  off.  We 
therefore  fit  several  regression  models  to  the  data  with  the  following  results: 


y = fatalities. 


x = year,  A.O. 


Linear  Model: 
Logarithmic  Models: 


Square  Root  Models: 


Power  Models: 


y = (33.3211 )x  - 64263,  r2  = 0.60 
y = (234.47)  tn(x  - 1959)  + 851,  r2  = 0.74 
y = (288.45)  in(x  - 1958)  + 695,  r2  = 0.73 

y = (334.01)  Jln(x  - 1957)  + 554,  r2  = 0.72 

y = (65957.0611)  fcnx  - 498956,  r2  = 0.60 
y = (166.07)  /x  - 1960  + 878,  r2  = 0.72 

y = (191.81)  /x  - 1959  + 765,  r2  = 0.69 

y = (219.14)  /x  - 1958  + 607,  r2  = 0.67 

y = (878.77)  (x  - 1959)0-1967,  r2  = 0.79 
y = (774.43)  (x  - 1958)0-2401,  r2  = 0.77 


The  above  examples  show  that  one  can  get  a fair  model  fit  of  the  fatality  data  by 
regressing  it  against  year.  Indeed,  one  of  the  power  models  accounted  for  almost 
80%  of  the  fatality  data  variance. 


3.2.3  Fatalities  as  a Function  of  Total  Boat  Ownership 


Since  data  on  the  total  number  of  boats  owned  has  an  excellent  linear  model  fit  we 
would  expect  that  a regression  model  in  which  fatalities  are  regressed  against  total 
number  of  boats  owned  would  yield  at  least  fair  results.  However,  as  the  following 
examples  (based  on  1961  to  1976  data)  show,  "fatalities  against  boats  owned"  regres- 
sions yield  poorer  fits  than  "fatalities  against  year"  regressions.  In  these  regres- 
sions. 
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(In  Thousands) 


ANNUAL  FATALITIES 


y = fatalities, 


x = total  boats  owned 


Linear  Model:  y = (0.0001421 )x  - 125,  r2  = 0.48 

Logarithmic  Models:  y = (1249.9286)  £nx  - 18604,  r2  = 0.51 

y = (55.1027)  (x  - 7,174,000)  + 595,  r2  = 0.33 
Power  Models:  y = (0.2414)  (yffijo)0*9518  r2  = 0.53 

y = (745.101)  (x  - 7, 174, 000)°- °428,  r2  = 0.36 

Note  that  even  the  best  of  these  examples  has  a poorer  fit  than  any  of  the  " fatalities 
against  year"  model  examples.  While  it  may  be  possible  to  improve  the  logarithmic  or 
power  model  fits  by  changing  the  x-origin,  it  is  extremely  doubtful  that  the  improve- 
ment would  be  significant. 

3.2.4  Fatalities  as  a Function  of  Boating 
Activity  as  Measured  by  Changes  in  Boat  Ownership 

On  theoretical  grounds  one  would  expect  the  following  relationships  to  be  at  least 
approximately  correct: 

i)  Boating  activity  “un  be  estimated  by  changes  in  boat  ownership,  large 
increases  in  boat  ownership  indicating  increased  boating  activity. 

ii)  Boating  fatalities  are  a function  of  boating  activity,  increasing  as 
boating  activity  increases. 

If  both  of  these  relationships  were  true,  it  would  follow  that  a positive  relation- 
ship between  changes  in  boat  ownership  and  boating  fatalities  would  exist.  That  is, 
as  the  yearly  change  in  boat  ownership  increased  or  decreased,  so  too  would  boating 
fatalities.  However,  as  shown  below,  based  on  the  data  available , no  such  relation- 
ship between  changes  in  boat  ownership  and  boating  fatalities  can  be  shown. 


If  the  relationships  (i)  and  (ii)  were  both  true,  there  would  be  a strong  correlation 
between  changes  in  boat  ownership  and  fatalities.  Consequently,  a linear  regression 
model  of  fatalities  as  a function  of  changes  in  boat  ownership  would  show  a high  degree 
of  fit.  First,  we  regressed  each  year's  fatality  data  against  the  change  in  boat 
ownership  for  that  year.  Then,  as  one  could  reasonably  expect  fatalities  to  lag 
changes  in  boat  ownership,  we  regressed  each  year's  fatality  data  against  the  previous 
year's  change  in  boat  ownership.  In  both  cases,  the  results,  which  follow,  were 
quite  disappointing: 


Fatalities  vs.  change  in  boat  ownership  for  the  same  year: 

1962- 1976  data,  f 

y = -(0.0002954)x  + 1418,  r2  = 0.016. 

Fatalities  vs.  change  in  boat  ownership  for  the  previous  year: 

1963- 1976  fatality  data, 

y = -(0.0001981 )x  + 1418,  r2  = 0.006. 

y 

As  can  be  seen  from  the  above  results,  even  in  the  best  linear  model,  data  on  changes 
in  boat  ownership  accounts  for  less  than  2 l of  the  variance  in  fatality  data.  Examin 
ing  Figures  V- 1 4 and  15,  we  see  that  other  types  of  regression  models  (logarithmic,  e 
would  hardly  do  much  better.  It  appears  that  changes  in  boat  ownership  cannot  be 
used  in  a forecasting  model  of  boating  fatalities. 

3.2.5  Fatalities  as  a Function  of  Total  Boat  Ownership  and  Time 

In  the  preceding  pages  we  have  shown  that,  of  the  regression  models  we  have  con- 
sidered, those  which  best  fit  the  data  on  yearly  boating  fatalities  are  ones  in 
which  the  independent  variable  is  time  (year).  Regressions  in  which  the  independent 
variable  is  "change  in  the  number  of  boats  owned"  had  such  a poor  fit  that  the 
regression  equations  derived  could  not  in  any  way  be  said  to  model  the  fatality  data. 

An  examination  of  the  regression  models  of  fatalities  as  a function  of  "total  boats 

owned"  and  as  a function  of  time  (year)  reveals  that  while  the  independent  variable 

"total  boats  owned"  yields  a reasonably  good  fit,  the  independent  variable  "time," 

i.e.,  a trend  model,  yields  a better  fit.  These  models  are  based  on  data  through 

1976.  Analyses  performed  later  in  this  project  (Section  VII)  indicate  that  safety 

standards  began  to  have  a linearly  increasing  effect  on  fatality  reduction  in  I 

late  1973.  The  possibility  therefore  exists  that  the  "total  boats  owned"  variable  J 

would  show  improvement  vis-a-vis  the  "time"  variable  if  these  safety  effects  were 

to  be  taken  into  account. 

The  safety  effects  on  fatality  rates  may  be  adjusted  for  by 

• excluding  data  for  the  period  during  which  they  had  an  impact 


\ 
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inclusion  in  the  model  of  an  intervention  variable  representing  the 
impact  of  the  safety  standards. 


The  first  means  of  adjustment  was  implemented  by  developing  linear  regression 
models  for  data  restricted  to  the  period  1961  - 1972  and  to  the  period  1961  - 
1973.  The  second  means  of  adjustment  was  implemented  by  including  data  for  the 
period  1961  - 1976  and  by  including  a second,  intervention  variable,  z,  designed 
to  account  for  the  standards'  linearly  increasing  effect  on  fatality  rates. 


The  models  obtained  are  presented  below: 


t = year,  A.D. 

u = total  boats  owned  in  year  t 

y ■ fatalities  in  year  t 

Data,  1961  - 1972: 

y = (0. 00021 78)u-487 

r2  = 0.79 

Data,  1961  - 1973: 

y = (0.0002538)u-771 

r2  =■  0.83 


z = 0,  t < 1973 

= t-1973,  t > 1973 


y = (39.7448)t-76861 
r2  = 0.836 


y = (46.2747)t-89690 
r2  = 0.843 


Data,  1961  - 1976: 

y = (0.0002505)u-(160.4)z-744  y = (45. 81 54)t-(l 50. 75)z-88787 

r2  = 0.81  r2  = 0.836 

Comparing  r2  values  for  model  fit  It  is  clear  that  of  the  simple  regression 
models,  those  based  on  data  through  1973  have  the  best  fit,  and  in  this  case  the 
model  based  on  "total  boats  owned"  has  a fit  almost  as  good  as  that  of  the  trend 
model.  It  remains  true,  however,  that  In  every  case  the  trend  model  has  a 
better  fit  than  the  corresponding  model  based  on  total  boat  ownership.  Note  that 

the  models  based  on  1961  - 1976  data  which  include  safety  intervention  terms  have 

poorer  fit  than  the  simple  regression  models  based  on  1961  - 1973  data,  although 

they  do  have  a much  better  fit  than  simple  regression  models  based  on  1961  - 1976 

data. 


The  reasonably  good  fit  of  the  models  based  on  total  boat  ownership  indicate  that 
they  might  be  used  as  simple  econometric  models  of  boating  fatalities.  We  believe, 
however,  that  they  would  be  inferior  to  the  models  based  on  the  independent  variable 
time.  We  have  several  reasons  for  this  judgment.  First,  the  independent  variable 
time  yields  better  regression  model  fits  than  does  the  variable  "total  boats  owned." 
Also,  the  year-to-year  variation  in  the  "boats  owned"  variable  shows  no  relationship 
to  the  fatality  data.  Additionally,  the  data  on  boats  owned  is  itself  estimated  and, 
thus,  using  forecasts  of  it  to  forecast  fatalities  would  result  in  compounding  any 
biases  in  the  estimated  data.  Finally,  the  Box-Jenkins  ARIMA  models  derived  for 
boating  fatalities  yields  better  fits  and  much  better  forecasts  than  do  any  of  the 
simple  regression  models. 

One  might,  of  course,  use  multiple  regression,  regressing  the  dependent  variable 
"fatalities"  against  the  two  independent  variables  "time"  and  "total  boats  owned." 
However,  this  procedure  also  has  a number  of  defects.  Most  important  is  the  problem 
of  multicollinearity  (Reference  V - 19).  The  two  independent  variables  are  so  highly 
correlated  (r  = 0.9974,  1961-76)  that,  in  effect,  each  includes  almost  all  of  the 
information  included  in  the  other.  As  a result,  the  parameters  in  a multiple 
regression  model  will  have  very  wide  confidence  intervals  and  it  will  be  impossible 
to  determine  the  influence  each  individual  regressor  has  on  the  dependent  variable 
"fatalities." 

If,  in  spite  of  the  above  objection,  we  attempt  to  fit  a multiple  linear  regression 
model,  using  1961-1976  data  we  obtain: 

z = (243.4959)x  - (0.001163)y  - 468001 

with  r2  = 0.69  and  where  x is  the  year,  y is  the  total  number  of  boats  owned  that 
year  and  z is  the  number  of  fatalities  for  the  year. 

This  regression  accounts  for  more  of  the  variance  in  the  fatality  data  than  does  the 
simple  linear  regression  of  "fatalities  against  time,"  in  which  1960-1976  data  is 
used.  It  does,  however,  yield  a poorer  fit  than  the  power  curve  model.  The  data 
for  the  year  1960  was  not  used  in  the  above  multiple  regression  because  of  the 
obviously  inconsistent  value  for  "total  boats  owned"  in  that  year.  If  the  1960 
data  is  included  in  deriving  the  multiple  regression  model,  we  obtain: 


z = (90. 1627)x  - (0. 0003436 )y  - 173192 


with  r2  = 0. 74. 

Although  the  r2  value  has  increased,  the  model  parameters  have  changed  significantly, 
illustrating  the  effects  of  multicoll ineari ty.  Further,  the  change  in  r2  can  be 
attributed  to  the  addition  of  a year's  data  on  the  variables  "fatalities"  and  "time," 
since  the  1960  data  on  "total  boats  owned"  is  inconsistent  with  succeeding  years' 
data  on  this  variable. 

Up  to  this  point  we  have  been  concerned  with  the  difficulties  in  using  boat  sales 
data  to  predict  boating  fatalities.  In  the  following  paragraphs  we  examine 
relationships  between  other  variables  and  boating  fatalities. 


3.3  Relationships  Between  Other  Variables  and  Boating  Fatalities 

We  also  examined,  through  linear  regressions,  relationships  between  the  following 
variables  and  boating  fatalities: 

• marine  fuel  (gasoline)  usage 

• motor  vehicle  traffic  fatalities 

• general  avaiation  fatalities. 

None  of  these  variables  showed  a strong  relationship  to  boating  fatalities.  The 
individual  analyses  follow. 


Table  V-4  presents  data  for  these  variables  for  the  years  1966  through  1976.  Data 
on  marine  fuel  (gasoline)  used  was  obtained  from  the  U.S.  Department  of  Transporta- 
tion, Federal  Highway  Administration,  Vehicle  and  Fuels  Branch.  The  remaining  data 
was  drawn  from  References  V- 20  and  21.  This  data  yields  the  following  regression 
equations: 

y = boating  fatalities,  u = marine  fuel  used  (gallons) 
y = (0. 00000061 7)u  + 1038,  r2  = 0.18 

y = boating  fatalities,  v = motor  vehicle  traffic  fatalities 
y = (0.01 075 ) v + 882,  r2  = 0.08 
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y = boating  fatalities,  x = general  aviation  fatalities 
y = (0.6510)x  + 550,  r*  = 0.17 

The  best  of  these  regression  equations  accounts  for  only  10%  of  the  variance  in  the 
boating  fatality  data,  indicating  that  none  of  the  variables  u,  v and  x is  a good 
predictor  of  boating  fatalities,  at  least  insofar  as  its  use  as  a regressor  is 
concerned.  Because  the  r2  values  are  so  small  the  reader  is  warned  that  he  should 
NOT  use  these  regression  equations. 


TABLE  V- 4.  MARINE  FUEL  USAGE,  AND  MOTOR  VEHICLE, 
GENERAL  AVIATION  AND  BOATING  FATALITY  DATA 


YEAR 

MARINE  FUEL  USED 
(Thousands  of  Gallons)* 

MOTOR  VEHICLE 
TRAFFIC  FATALITIES 
(Thousands) 

GENERAL 

AVIATION 

FATALITIES 

RECREATIONAL 

BOATING 

FATALITIES 

m 

485,823 

50.8** 

1149 

1318 

m 

501,385 

50.7 

1229 

1312 

1968 

532,752 

52.7 

1399 

1342 

1969 

568,621 

53.5 

1413 

1350 

1970 

598,159 

52.6 

1310 

1418 

1971 

645,428 

52.5 

1355 

1582 

1972 

686,763 

54.6 

1421 

1437 

1973 

716,990 

54.1 

1412 

1754 

1974 

696,906 

45.2 

1438 

1446 

1975 

729,718 

44.5 

1345 

1466 

1976 

763,803 

45.5 

1341 

1264 

* Note:  One  gallon  * 3.7854  litres. 
**  Estimated. 
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3.4  Discussion  and  Conclusions 


In  the  preceding  pages  we  have  shown  that  a number  of  variables  which  one  might 
expect  to  have  strong  linear  relationships  to  boating  fatalities  do  not  have  such 
relationships.  For  example,  we  regressed  both  motor  vehicle  fatalities  against 
boating  fatalities  and  general  aviation  fatalities  against  boating  fatalities. 

Neither  motor  vehicle  nor  general  aviation  fatalities  showed  much  of  a linear 
relationship  to  boating  fatalities  casting  suspicion  on  the  hypothesis  that  safety 
efforts  in  one  societal  area  have  a carryover  effect  in  other  areas. 

One  would  naturally  expect  boating  fatalities  to  be  related  to  the  amount  of 
boating  activity.  Direct  data  on  boating  activity  is  limited,  the  best  data  being 
restricted  to  the  years  1973  and  1976  (Reference  V-22).  Furthermore,  at  the  time 
this  research  was  being  performed  only  a preliminary  version  of  the  1973  data  was 
available.  As  a result,  we  examined  proxy  measures  of  boating  activity,  including 
marine  fuel  use  data  and  boat  ownership  data. 

The  marine  fuel  use  data  accounted  for  only  18%  of  the  variance  in  the  boating 
fatality  data  when  a linear  regression  was  performed.  There  are  a number  of  possible 
reasons  for  this  result.  First,  the  marine  fuel  use  data  values  are  estimated  rather 
than  actual  amounts.  Furthermore,  they  include  both  recreational  and  commercial 
marine  fuel  use.  Either  of  these  facts  might  be  the  cause  of  the  poor  regression 
results  obtained.  Of  course,  a third  reason  might  be  that  boating  fatalities  are 
not  as  strongly  related  to  boating  activity  as  previously  thought. 

When  boat  ownership  data  was  examined,  it  was  found  that  regressions  of  boating 
fatalities  against  year  provided  better  fits  of  the  data  than  did  regressions  of 
boating  fatalities  against  total  boat  ownership.  When  changes  in  boat  ownership 
were  considered,  no  real  relationship  to  boating  fatalities  was  found.  The  boat 
ownership  data  values  are  also  estimated  rather  than  actual  amounts  and  this  might 
account  for  the  disappointing  results  of  our  analyses.  Again,  our  results  might 
also  be  due  to  there  being  a weaker  relationship  between  boating  fatalities  and 
boating  activity  than  previously  thought. 

Because  it  was  found  (see  Section  VII)  that  a significant  trend  in  fatality  reduc- 
tion beginning  in  late  1973  occurred  as  the  result  of  Coast  Guard  safety  standards, 
regression  models  incorporating  an  appropriate  safety  intervention  variable  were 
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developed.  In  these  models  it  was  still  found  that  the  regressor  "time"  (year) 
yielded  a better  fit  than  did  the  regressor  "total  boat  ownership."  These  models 
do  indicate,  however,  the  need  for  the  inclusion  of  intervention  effects  or  the 
utilization  of  dynamic  models  (such  as  ARIMA  models)  to  adjust  for  fatality  reductions 
due  to  safety  standards,  programs,  etc. 

It  may  well  be  that  there  is  a stronger  relationship  between  boating  fatalities 
and  boating  activity  than  has  appeared  in  our  analyses.  Certainly  the  seasonal 
pattern  of  fatalities  illustrated  in  Figure  VI-1  indicates  that  some  relationship 
exists,  as  fatalities  are  greater  in  the  summer  months  when  boating  activity  is 
at  its  peak.  Our  inability  to  arrive  at  a stronger  quantative  relationship  may 
well  be  due  to  deficiencies  in  the  available  data  or  the  use  of  poor  proxy  measures 
of  boating  activity.  Of  course,  boating  activity  may  be  related  to  boating 
fatalities  in  a positive,  but  nonlinear  manner.  This  could  be  due  to  the  fact  that 
when  there  are  more  boaters  on  the  water  there  is  a greater  likelihood  that  an 
accident  victim  will  be  recovered  before  he  becomes  a fatality.  Another  possibility 
is  that  while  there  may  be  greater  opportunity  for  boating  accidents  to  occur  as 
boating  activity  increases,  boaters  also  may  become  more  careful.  It  should  also 
be  noted  that  as  safety  programs  have  increasing  effects  in  fatality  reduction, 
any  relationships  between  fatalities  and  boating  activity  measures  will  show  a 
reduction  in  fatalities  per  unit  of  activity.  That  is,  safety  effects  will  cause 
a reduction  in  such  ratios  as  "fatalities  per  100,000  boats"  and  "fatalities  per 
million  boating  hours."  For  instance,  the  ratio  of  fatalities  to  100,000  boats 
dropped  from  18.3  in  1973  to  9.9  in  1976. 

Finally,  the  best  simple  regression  equation  found  for  boating  fatalities  was  the 
power  curve  regression  against  time  (year) 

y * (878. 77) (x-1959)°* 1967,  (r2  * 0.79) 

where  x * year  and  y * boating  fatalities.  This  model  could  be  used  to  forecast 
future  boating  fatalities,  but  as  is  shown  in  the  next  section,  Box-Oenkins1  ARIMA 
model  forecasts  are  must  better.  A regression  model  Incorporating  an  intervention 
variable,  z,  to  account  for  safety  effects  initiating  in  late  1973  could  also  be 
used  for  forecasting.  Such  a model,  based  on  1960-1976  data  Is 

y - (51 .0567 )x  - (164.46)z  - 99109  (r2  - 0.86) 
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where  z = 0 for  x<1973  and  z = (x-1973)  for  x>1973.  Note,  however,  that  the 
variable  z just  defined  will  only  apply  for  the  first  few  years  after  1973. 
Thereafter,  the  safety  effect  will  level  off. 
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VI.  THE  PREDICTION  OF  REGULATORY  SAFETY  BENEFITS 


1.0  INTRODUCTION 

In  this  section,  we  present  a method  for  predicting  the  safety  benefits  of  boat 
safety  standards.  As  before,  we  will  restrict  the  discussion  to  fatalities  as 
data  on  injuries,  property  damage  and  accidents  are  incomplete.  However,  the 
same  methods  may  be  applied  to  these  areas. 

The  prediction  of  the  number  of  fatalities  prevented  by  a safety  standard  depends 
on  several  factors.  One  must  have  forecasts  of  what  future  fatalities  would  be 
if  the  standard  were  not  to  go  into  effect.  The  relationship  between  boat  age 
and  fatality  occurrence  must  be  determined  so  that  the  "speed"  with  which  the 
standard  becomes  effective  can  be  determined.  Finally,  the  fatality  reduction 
effectiveness  of  the  standard*  as  well  as  the  amounts  of  anticipatory  or  partial 
compliance  must  be  estimated. 

In  Section  2.0,  we  compare  forecasting  methods  and  show  that  the  Box-Jenkins  ARIMA 
model  is  far  superior  to  the  power  function  regression  model.  We  then  present 
fatality  forecasts  through  the  1981  model  and  calendar  years.  In  Section  3.0, 
the  relationship  between  fatality  occurrence  and  boat  age  is  developed.  Section 
4.0  contains  a development  of  benefit  prediction  equations  for  standards  applying 
to  new  boats.  These  are  extended  to  retrofit  and  other  standards  in  Section  5.0. 

The  discussion  and  data  in  this  section  are  based  on  all  boating  fatalities. 

However,  precisely  the  same  type  of  analysis  may  be  performed  on  a subclass  of 
these  fatalities.  For  instance,  if  a standard  would  only  affect  capsizings,  the 
analyses  could  be  restricted  to  capsizing  fatalities.  The  benefit  prediction 
equations  would  remain  the  same  but  the  fatality  forecasts  and  "fatality  to  boat 
age"  relationships  would  have  to  be  determined  for  capsizing  fatalities.  The 
only  restriction  on  the  subclass  of  fatalities  considered  is  that  there  must  be 
a sufficient  number  of  such  fatalities  for  reliable  forecasts,  "fatality  to  boat 
age"  relationships  and  fatality  reduction  effectiveness  estimates  to  be  made. 

* The  use  of  an  appropriate  Accident  Profile  Model  is  essential  in  arriving  at  an 
estimate  of  the  potential  effectiveness  of  a standard.  Section  III  contains  a 
discussion  of  such  models,  while  Section  IV  is  devoted  to  an  in-depth  description 
of  a particular  one,  the  Accident  Recovery  Model. 
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2.0  FORECASTING  RECREATIONAL  BOATING  FATALITIES 


2.1  Introduction 

In  VI-2.2,  a comparison  of  forecasts  to  actual  values  is  made  using  the  power 
function  regression  and  Box-Oenkins  ARIMA  models  of  boating  fatalities  developed 
in  Section  V.  It  Is  concluded  that  the  ARIMA-model-generated  forecasts  are  far 
superior  to  those  generated  by  the  power  function  regression  model.  Forecasts  of 
future  boating  fatality  statistics  are  then  presented. 

2.2  Comparing  the  Forecasting  Ability  of 
the  ARIMA  and  Regression  Models 

Consider  the  power  function  regression  and  ARIMA  models  for  boating  fatalities 
derived  in  Section  V.  The  regression  model  is 

y = (878.77) (x-1 959)° • 1967, 

where  x is  the  year  and  y is  the  modeled  number  of  boating  fatalities  for  that 
year.  The  ARIMA  model  is 

(1-B)(l-B12)yt  * (l-0.630B)(l-0.669B12)at 

where  yt  is  the  number  of  boating  fatalities  in  month  t,  t*l  being  January  1969. 

To  forecast  future  yearly  fatality  values  using  the  regression  model  one  merely 
substitutes  the  year  dates  for  the  variable  x.  Forecasting  monthly  fatality 
values  using  the  ARIMA  model  involves  considerable  computation,  but  computer 
routines  are  available  (e.g..  Reference  VI-1)  for  automatically  performing  these.* 
Once  the  monthly  values  are  obtained  they  may  be  sunmed  (in  groups  of  12)  in 
order  to  obtain  yearly  forecasts. 


To  compare  the  results  of  forecasting  with  regression  and  ARIMA  models,  we  used 
the  general  model  forms 

y = a(x-1959)b 
and 

(1-B)(l-B12)y<.  * (1-9  B)(l-0'B12)af 

t l l 1 

* A description  of  the  process  used  can  be  found  in  Reference  VI-2. 
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which  were  found  to  be  "best"  in  Section  V.  We  then  derived  sets  of  parameters  for 
these  models  using  fatality  data  through  1974,  1975  and  1976.  We  thus  had  one  pair 
of  models  (regression  and  ARIMA)  based  on  data  through  each  of  the  years  1974,  1975 
and  1976.  Each  of  these  models  was  used  to  forecast  fatality  values  through  1977 
and  a comparison  between  forecasted  values  and  actual  values  was  made.  The  results 
are  summarized  in  Table  VI-1.  The  reader  should  note  that  the  regression  models 
are  based  on  CG-357  data,  while  the  ARIMA  models  are  derived  from  year-end  fatality 
values*  which  are  slightly  higher  because  of  fatalities  not  reported  until  after 
the  CG-357  reports  are  prepared.  CG-357  data  was  used  for  the  regression  models  be- 
cause year-end  data  was  not  available  for  years  prior  to  1969,  and  it  was  desirable  to 
use  as  many  data  points  as  possible.  (Note:  Monthly  data  was  not  used  in  the  regres- 
sion analyses  because  of  the  errors  which  seasonality  would  introduce  into  the  models.) 

Examining  the  absolute  errors  in  Table  VI-1  it  is  clear  that  the  ARIMA  models  yield 
far  better  forecasts  than  do  the  power  function  regression  models.  ARIMA  model  fore- 
casts of  monthly  fatalities  were  therefore  made  through  1985  beginning  with  the  base 
period  December  1976.  These  forecasts  are  plotted  in  Figure  VI-1.  Examining  this 
figure  we  see  that  the  forecasted  values  follow  a downward  linear  trend  with  an 
overlaid  seasonal  pattern.  As  is  described  in  Reference  VI-2,  Chapter  5 and 
pages  326-7,  Equation  (4),  this  is  normal  behavior  for  forecasts  obtained  from 
the  model  form  we  are  using.  One  consequence  of  this  behavior  is  that  the  fore- 
casts will  eventually  become  negative.  In  Figure  VI-1,  we  see  that  for  our  model 
the  first  negative  value  occurs  in  period  169,  January  1983.  Because  of  this 
pattern  in  the  forecasted  fatality  values  it  is  clear  that  they  become  less 
reliable  as  the  lead  time**  increases. 

Table  VI-2  presents  fatality  forecasts  for  calendar  and  boat  model  years  through 
1981.  These  were  obtained  by  summing,  in  groups  of  12  months,  the  fatality  fore- 
casts presented  in  Figure  VI-1.  Because  forecasts  become  less  reliable  as  the  lead 
time  increases,  yearly  forecasts  beyone  1981  are  not  presented.  These  forecasts 
can  and  should  be  updated  yearly  by  obtaining  new  monthly  forecasts  using  a 
Box-Jenkins  type  program.  Some  of  these  programs  (Reference  IV-1)  have  two  options 
for  updating. 

* 1977  year-end  data  was  obtained  through  personal  communications  with  the 
Coast  Guard  shortly  before  this  report  was  completed. 

**  The  lead  time  is  the  length  of  time  (number  of  periods)  between  the  base 
period  and  the  forecast  period. 
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TABLE  VI-1.  COMPARISONS  OF  FORECASTS  AND  ACTUALITY: 

POWER  FUNCTION  REGRESSION  AND  ARIMA  MODELS  OF  RECREATIONAL  BOATING  FATALITIES 
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CALENDAR  YEAR 

1977 

(97-108) 


1978 
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1979 

(120-132) 
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(132-144) 


1981 

(145-156) 
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(157-168) 


1983 

(169-180) 


1984 

(181-192) 


1985 

(193-204) 


1986 

(204-216) 


FIGURE  VI-1.  FORECASTS  OF  MONTHLY  BOATING  FATALITIES 


* Origin  1 is  December  1976;  period  97  is  January  1977. 
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One  option  uses  the  same  model  parameters  with  the  new  data  points  added.  The 
second  option  involves  a recomputation  of  the  model  parameters  using  the  new 
data  points  and  a reforecasting  using  the  newly  obtained  parameters.  We  recom- 
mend the  second  option  as  the  cost  is  quite  reasonable;  using  the  D.  Pack  program, 
the  cost  is  under  two  dollars  per  run.  Also,  this  option  gives  one  the  opportunity 
to  check  the  model  to  make  certain  the  same  model  form  is  still  adequate.  We 
expect  that  the  model  form  we  have  selected  will  remain  adequate  for  several 
years. 
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3.0  BOATING  FATALITIES  AS  A FUNCTION  OF  BOAT  AGE 


One  of  the  factors  required  for  predicting  the  safety  benefits  of  a standard  apply- 
ing only  to  new  boats  is  the  relationship  of  boat  age  to  fatality  frequency.  For 
instance,  one  would  expect  a greater  fraction  of  any  year’s  fatalities  to  occur 
with,  say,  two  year  old  boats  than  with,  say,  20  year  old  boats. 

To  obtain  data  on  the  relationship  between  fatality  frequency  and  boat  age  the 
Coast  Guard  Master  File  of  boating  accident  data  for  the  years  1969  through  1976 
was  used.  This  data  base  contains  (incomplete)  data  on  the  year  of  manufacture 
of  boats  involved  in  accidents.  As  this  data  is  in  terms  of  boat  model  year 
(August  through  July),  boat  age*  was  calculated  as  follows: 

Boat  Age  = (year  of  accident)-(year  of  manufacture),  if  accident  occurred 
in  January  through  July 

= (year  of  accident)-(year  of  manufacture )+l  , if  accident  occurred 
in  August  through  December. 

We  first  performed  a simple  breakdown  of  fatality  frequency  by  boat  age.  The 
fatality  frequencies  were  then  converted  to  fractions  by  dividing  by  the  total 
number  of  fatalities  for  which  boat  age  was  known.  The  results  of  this  analysis 
are  presented  in  Table  VI-3  and  Figure  VI-2.  As  year  of  manufacture,  and  con- 
sequently boat  age,  was  unknown  for  over  50%  of  the  fatal  accidents,  a decision 
had  to  be  made  as  to  how  to  treat  the  fatalities  for  which  boat  age  was  unknown. 

In  consultation  with  the  Coast  Guard  it  was  decided  to  assume  that  the  fatality 
frequencies  for  boats  of  unknown  age  followed  the  same  pattern  as  for  boats  of 
known  age.  We  also  attempted  to  use  data  from  the  Accident  Recovery  Model  as 
it  contains  a much  smaller  percent  of  cases  in  which  boat  age  is  unknown.  Unfor- 
tunately, it  was  found  that  ARM  contained  too  few  fatalities  to  obtain  reliable 
"fatality  by  boat  age"  data. 

One  might  expect  that  as  boat  sales  vary  from  year  to  year  the  percentage  of 
fatalities  on  boats  of  a given  age  would  also  vary.  Although  we  showed  in 


• See  Appendix  VI-A  for  the  relationship  between  this  calculated  age  of  a boat 
and  Its  actual  age. 
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- - - c. 


TABLE  VI-3.  FRACTION  OF  FATALITIES  AS  A FUNCTION  OF  BOAT  AGE 
(for  boats  of  known  age) 


Boat  Age,  s 
(model  years) 

" " ■ — 

za 

Actual 

Fraction  of  Fatalities 

2a 

Modeled* 

Fraction  of  Fatalities 

0 

0.05858 

- 

1 

0.15398 

0.11943 

2 

0.10838 

0.10477 

3 

0.09225 

0.09190 

4 

0.07910 

0.08062 

5 

0.07015 

0.07072 

6 

0.05823 

0.06203 

7 

0.04595 

0.05442 

8 

0.04192 

0.04773 

9 

0.03771 

0.04187 

10 

0.03490 

0.03673 

11 

0.03227 

0.03222 

12 

0.02859 

0.02826 

13 

0.02438 

0.02479 

14 

0.02350 

0.02175 

15 

0.02017 

0.01908 

16 

0.01894 

0.01673 

0.01140 

0.01468 

18 

0.00737 

0.01288 

19 

0.00772 

0.01130 

20 

0.00456 

0.00991 

* Model : 


z = (0.13615)e 


-(o.i3io)a 


FRACTION  OF  FATALITIES 


Section  V-3.2.1  that  fatalities  do  not  appear  to  depend  on  boat  sales*,  an 
attempt  was  made  to  perform  the  "fatality  frequency  by  boat  age"  analysis  for 
each  year.  As  boat  age  was  in  terms  of  model  year,  accident  dates  were  also 
classified  by  model  year.  For  each  complete  accident  period,  August  through 
July,  in  the  Master  File  a separate  breakdown  of  fatality  frequency  by  boat 
age  was  made.  The  fatality  frequencies  were  then  converted  to  percents  as  before. 

No  year-to-year  pattern  was  found,  so  no  yearly  change  in  the  "percent  of  fatali- 
ties by  boat  age"  relationship  could  be  forecast.  Consequently  we  assumed  that 
the  "percent  of  fatalities  by  boat  year"  relationship  remains  the  same  from  one 
year  to  the  next. 

Examining  the  actual  data  (Table  VI-3  and  Figure  VI-2)**  it  was  discovered  that 
for  boat  ages  one  through  16  the  data  closely  followed  an  exponential  pattern. 

For  boat  ages  over  16  the  data  exhibited  no  regular  pattern,  but  fatality  frequencies 
remained  small.  We  therefore  fit  an  exponential  function  to  this  data  by  means 
of  least  squares  regression. 

Using  the  data  for  boat  ages  one  through  16  the  fitted  equation  was  found  to  be 
z = (0.13615)e"(°*1310)a  (r2  = 0.9743) 

d 

where  z is  the  fitted  (modeled)  fraction  of  all  fatalities  which  occur  with 

d 

boats  of  age  a.  This  model  accounts  for  over  97%  of  the  fatality  frequency 
variance  for  boat  ages  one  through  16  years.  The  fitted  values  are  displayed 
in  Table  VI-3  and  Figure  VI-2. 

Although  the  fitted  z values  could  be  used  in  the  safety  prediction  analysis 
methods  we  will  develop  later  in  this  section,  we  prefer  to  use  the  actual  values 
za  for  two  reasons: 

• The  actual  values  are  based  on  a large  sample  and  so  should  be  reliable, 
at  least  for  boat  ages  less  than  17  years. 


* Actually,  we  showed  that  fatalities  do  not  appear  to  depend  on  changes  in  boat 
ownership  (sales  less  scrappage). 

**  Although  data  was  obtained  for  all  boat  ages,  only  data  for  ages  0 through  20 
years  is  Included  1-n  the  table  and  figure. 
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• The  fitted  and  actual  values  are  quite  close  except  for  boats  of  age 
one.  The  difference  in  values  at  age  one  is  sufficiently  great  that 
it  is  preferable  to  use  the  actual  value  z ^ . 

In  the  next  several  pages  we  show  how  the  values  z*  may  be  used  in  predicting 

a 

the  savings  of  lives  due  to  boat  safety  standards. 
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4.0  PREDICTING  THE  SAFETY  BENEFITS  OF  NEW  BOAT  STANDARDS 


4.1  Introduction 


In  the  next  several  pages,  we  develop  a method  for  predicting  the  future  benefits 
of  boat  safety  standards.  As  in  other  sections,  we  shall  limit  the  discussion  to 
lives  saved,  or  equivalently,  fatalities  prevented.  The  same  methods  may  be  used 
to  predict  accidents,  property  damage  and  injuries  prevented,  once  complete  data 
on  these  become  available. 

Before  presenting  the  benefit  prediction  equations,  we  offer  a simple  example. 

This  example  makes  use  of  the  forecasts  of  boating  fatalities  by  model  year,  y™, 
(Table  VI-2)  and  "the  fraction  of  fatalities  as  a function  of  boat  age  relationship, 
2 . (Table  VI-3). 

a 

Suppose  a boat  safety  standard  is  to  become  effective  at  the  beginning  of  the 
1979  boat  model  year.  That  is,  1979  model  year  boats  will  satisfy  this  standard. 
Suppose  further  that  through  accident  analysis,  such  as  described  in  Section  III, 
it  is  determined  that  if  the  standard  were  fully  implemented  it  would  save  p= 15% 
of  the  boating  fatalities.  We  will  predict  the  number  of  lives  it  would  save 
through  model  year  1981  (July  1981). 

During  model  year  1979  the  standard  will  only  affect  fatalities  on  boats  of  age 
a=0.  There  are  y;979=1133  fatalities  predicted  for  1979.  Therefore,  the  stan- 
dard can  only  affect  (y?g79)(z0)  = ( 1133) (0. 05858 ) = 66.37  fatalities.  As  the 
standard  is  15%  effective,  we  would  expect  it  to  save 

B = p(ym  )(z  ) = (0. 15) (66. 37)  = 9.9  = 10  lives 

1979  1979  0 

during  its  first  year. 

During  the  1980  model  year,  the  standard  will  apply  to  boats  which  are  of  age 
zero  or  one.  The  benefit  from  boats  of  age  zero  is: 

B°  = p(ym  ) ( z ) = (0. 15) (1068) (0.05858)  = 9.38  lives  saved. 

1980  1980  0 

The  benefits  from  boats  of  age  one  is 

b‘  ■ p(ym  )(z  ) ■ 

1980  1980  1 


(0.15)  (1068)  (0.15398)  = 24.67  lives  saved. 


The  total  benefit  in  1°80  will  therefore  be 


B = B°  + B1  = 9.38  + 24.67  = 34  lives  saved. 

I960  1980  1980 

The  benefit  in  the  1981  model  year  will  be  derived  from  boats  of  ages  0,  1 and  2. 
It  is  calculated  as 

B = B°  + B1  + B2 

1981  1981  1981  1981 

- P(ym  )(z  ) + p(ym  )(z  ) + p(ym  )(z  ) 

1981  0 1981  1 1981  2 

= p(ym  )(z  +Z  +Z  ) 

1981  0 1 2 

= ( 0 . 1 5 ) ( 1 003 ) ( 0 . 05858  + 0.15398  + 0.10838) 

= 48  lives  saved. 

The  cumulative  benefit  of  the  regulation  through  model  year  1981  (July  1981  ) is 
thus  predicted  as  being 


C = B + B + B 

1981  1979  1980  1981 

= 10+34+48 
= 92  lives  saved. 

This  example  illustrates  the  general  method  which  we  now  present. 

4.2  Benefits  of  Safety  Standards  Which  Become  Effective 
at  Beginning  of  a Model  Year 

As  before,  let 

y™  = forecasted  boating  fatalities  in  model  year  t. 

z * fraction  of  a year's  fatalities  which  occur  on  boats 
a of  age  a 

For  example,  yfggo  is  the  number  of  fatalities  which  are  forecasted  to  occur 
during  the  1980  model  year,  August  1979  through  July  1980,  and  z2  is  the  fraction 
of  fatalities  which  occur  on  boats  of  age  two. 
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The  analyses  performed  in  Sections  V-3.2.4  and  VI-3.0  concerning  the  lack  of 
relationships  between  "fatalities"  and  "changes  in  boat  ownership,"  and  between 
"fraction  of  fatalities  by  boat  age"  and  "year,"  leads  us  to  make  the  following 
assumption: 

The  fraction  of  fatalities  which  occur  on  boats  of  age  a in  model 
year  t is  independent  of  the  total  number  of  fatalities  y™  which 
occur  in  model  year  t. 

As  a result  of  this  assumption,  the  number  of  fatalities  f(a,t)  which  occur  on 
boats  of  age  a in  model  year  t may  be  expressed  as 

f(a,t)  = (yj)  (za) 

If  a safety  standard  affecting  only  new  boats  becomes  effective  at  the  beginning 
of  a model  year  t0,  then  during  the  year  t0  it  will  only  affect  boats  of  age 
zero.  The  next  year,  t0+l,  it  will  affect  boats  of  ages  zero  and  one,  etc. 

Thus  we  see  that  the  numbers  of  fatalities  potentially  affected  by  the  standard 
are 

f(0,t  ) in  year  t 

o o 

f(0,t  +1)  + f(l,t  +1)  in  year  t +1 

0 0 0 


k 

£ f(a,t  +k)  in  year  t +k. 
a=0  0 0 

If  we  let  t = t0+k,  the  last  expression  becomes 


t-t0 

£ f(a,t)  , 
a=0 


or,  eguivalently,  letting  a=t-j 


£ f ( t-j  ,t ) . 

j=t0 


This  is  the  number  of  fatalities  in  year  t potentially  affected  by  the  standard. 
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Let  p be  the  fatality  reduction  rate , that  is  the  fractional  decrease  in 
fatalities  which  would  be  expected  if  the  standard  were  fully  implemented.  Also, 
for  the  moment,  let  us  assume  that  there  is  complete  compliance  with  the  standard 
for  all  affected  boats  manufactured  from  the  beginning  of  the  model  year  t0, 
but  not  before. 

In  the  model  year  t,  there  will  be 

t-t0 

L f(a,t) 
a=0 

fatalities  potentially  affected  by  the  standard.  A fraction  p of  these  lives 
will  be  saved  by  the  standard.  Thus,  during  year  t,  the  benefit  of  the  standard 
will  be 

t-t0 

= P * L f(a>t)  . 

1 a=0 

The  cumulative  benefit  Cj  through  model  year  T may  be  obtained  by  summing  the 
benefits  for  the  individual  years: 

T T t-t0 

CT  = £ B.  = p • Yj  T.  f(a»t)  . 

t=tg  t=tg  a=0 


As  f(a,t)  = (y")(za),  this  yields: 


p • (ymt) 


z 


a 


is  the  benefit  (in  lives  saved)  of  the  standard  in  year  t,  and 


T t-t«  m 

cT  ■ p • L £ <yT)<z.)  - 

T t%  a=0  1 a 


is  the  cumulative  benefit  (in  lives  saved)  of  the  standard  through  year  T. 
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As  the  values  z,  are  assumed  independent  of  year, sums  of  them  may  be  tabulated 

a 

for  use  in  the  equations  for  Bt  and  Cy.  Table  VI-4  contains  such  tabulations  of 
A 

Z.  = 52  z,,  the  cumulative  fraction  of  fatalities  occurring  of  boats  of  age  A 
A a=0  a 

or  less,  while  Figure  VI-3  contains  a plot  of  the  Z values. 

a 

Rewriting  the  Benefit  Equations  in  terms  of  the  variable  ZA,  with  A = t-t0,  we 
obtain 

Bt  = p ‘ <^<zt-t0> 

cT  = p • E (y?)(zt-t  } 

t=t0  1 z to 

As  an  example  application  of  these  equations,  consider  the  new  level  flotation 
standard  which  became  effective  1 August  1978.  Essentially,  this  standard 
requires  properly  loaded  outboard,  monohull  boats  under  20  ft  (6.1  m)  to  float 
level  even  when  filled  with  water.  It  also  contains  some  flotation  require- 
ments for  other  boats. 

Various  estimates  of  the  fatality  reduction  rate  for  this  standard  have  been 
made  (References  VI-3,  4 and  Section  IV-6.4  of  this  report).  We  shall  use  the 
value  p - 0.15  obtained  by  Kissinger  (Reference  VI-4).* 

The  benefits  for  each  of  the  first  three  years  of  the  standard's  implementation 
are  estimated  as: 

B = (0. 1 5) ( 11 33) (0. 05858)  * 10  lives  saved 

1979 

B = (0.15)(1068)(0. 21256)*  34  lives  saved 

1980 

B = (0. 15) (1003) (0. 32094)  * 48  lives  saved 

1981 

The  predicted  number  of  lives  saved  during  the  first  three  years  of  the  standard's 
implementation  is,  therefore,  Cy  = 92  lives. 

* The  value  p = 0.15  is  obtained  by  dividing  210,  the  number  of  lives  Kissinger 
estimated  would  be  saved  given  full  implementation,  by  1446,  the  number  of 
fatalities  in  the  1974  base  year  he  used  in  performing  the  analysis. 
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BOAT  AGE 


n 


0 

0.05858 

1 

0.21256 

2 

0.32094 

3 

0.41319 

4 

0.49229 

5 

0.56244 

6 

0.62067 

7 

0.66620 

8 

0.70854 

9 

0.74625 

10 

0.78115 

11 

0.81342 

12 

0.84201 

13 

0.86639 

14 

0.88989 

15 

0.91006 

16 

0.92900 

The  techniques  presented  above  are  based  on  an  assumption  that  the  values  z are 

d 

constant  from  year-to-year.  Actually,  this  assumption  is  inconsistent  with  the 
occurrence  of  a positive  benefit  accruing  from  a new  boat  standard,  for  such  a 
standard  should  reduce  the  fractions  z_  of  fatalities  involving  newer  boats  which 

a 

satisfy  the  standard  and  consequently  increase  the  fractions  za  of  fatalities 

a 

involving  older  boats  which  do  not  satisfy  the  standard.  However,  a comparison  of 
yearly  values  of  the  fractions  z,  indicate  that  random  variations  in  these  values 

a 

are  sufficiently  large  to  mask  changes  in  the  z values  resulting  from  a safety 

a 

standard,  unless  the  standard  is  unusually  effective. 

In  those  instances  where  a standard  S is  unusually  effective,  the  za  values  may  be 

a 

sufficiently  affected  on  a year-to-year  basis  that  their  changing  values  should  be 
estimated.  These  values  might  be  needed  if  one  were  to  predict  the  benefits  of  a 
second  standard  to  be  implemented  subsequent  to  S.  In  such  a case,  these  changing, 
year-to-year  values  may  be  computed  as  follows. 

Suppose  an  unusually  effective  standard  S with  a fatality  reduction  rate  p is 

o 

implemented  at  the  beginning  of  the  year  t . Let  z and  Z,  be  as  defined  before, 

o a a 

i.e.,  by  Tables  VI-3  and  VI-4.  Let  z^  be  the  (changing)  value  of  the  fraction  of 

a 

fatalities  occurring  in  year  t involving  boats  of  age  a.  Then 


4.3  Benefits  of  Safety  Standards  Which  Become  Effective 
During  a Model  Year 


In  Section  4.2  we  assumed  that  a standard  would  become  effective  at  the  beginning 
of  the  model  year  t0.  We  now  consider  the  case  of  a standard  which  becomes 
effective  some  time  during  the  model  year  t.  The  assumption  that  the  effective 
date  of  the  standard  was  the  beginning  of  the  year  t0  enabled  us  to  assume  that 
all  boats  with  a calculated  age  of  zero  would  comply  with  the  standard  and 
thus  contribute  to  its  benefit.  Actually,  as  the  following  diagram  shows,  a 
boat  with  a calculated  age  of  zero  may  be  produced  before  the  effective  date  of 
the  standard  and,  thus,  may  not  meet  it: 


Manufacture 

Date 


1977 


Effective  Date  Accident 

of  Standard  Date 


1978 


In  order  to  exclude  boats  manufactured  before  the  effective  date  of  the  standard, 
the  benefit  equations  developed  in  Section  4.2  must  be  modified.  Because  the 
derivation  of  the  modification  is  rather  complex,  it  has  been  placed  in  Appendix 
VI-B  rather  than  being  included  in  the  main  text.  Instead,  we  present  a brief 
description  of  what  is  involved  in  the  derivation  and  the  final  benefit  equations 
which  result. 


In  the  equation  for  Bt  the  term  which  must  be  modified  is  the  one  which  accounts 
for  fatalities  associated  with  boats  produced  during  the  year  t0.  This  term  is 
f(t-t0,t)  = (y^)(zt-t  ^ must  moc|ified  by  reducing  it  by  that  fraction  of 

the  (y™) (zt-tn ) fata^ities  which  are  associated  with  boats  manufactured  during 
the  year  t0  but  before  the  standard's  effective  date. 

Consider  the  fatalities  in  year  t which  are  associated  with  boats  manufactured 

during  year  t . Let  v.(t-t  ) be  that  fraction  of  these  fatalities  which  are 

o Jo 

associated  with  boats  manufactured  in  month  j of  year  t . 

o 

We  assume  Vj(t-t  ) is  the  same  for  every  year  t0  and  every  year  t > t0.  Denote 

these  common  values  by  v..  (As  described  later,  v.(0)  will  not  equal  v . ( t-t  ) 

J J Jo 

for  t > t0.)  Let  be  the  (reverse)  cumulative  sum: 
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MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS  1963  A 


and  let 

Note  that  Vx  = Vt(0)  = 1.00. 

Unfortunately,  the  Coast  Guard  does  not  code  the  month  of  manufacture  of  acci- 
dent-involved boats  in  its  Master  File  data  base.  Consequently,  the  quantities 

v . , v.(0),  V.  and  V.  (0)  are  not  currently  known.  The  month  of  manufacturer  is, 
J J Ko  Ko 

however,  available  in  many  accident  reports  as  part  of  the  boat  hull  identifica- 
tion number  (HIN).  We  therefore  suggest  that  the  Coast  Guard  use  these  HINs  to 
obtain  the  months  of  manufacture  and  code  them  into  the  data  base.  Once  one 
year's  data  is  coded,  initial  estimates  of  the  v^  values  may  be  made.  For 

boats  with  calculated  ages  greater  than  zero,  estimate  v.  by 

J 

fatalities  occurring  on  boats  over  age  zero  manufactured 

_ in  month  j of  any  year 

vj  “ total  fatalities  occurring  on  boats  over  age  zero 

and  use  the  formula  for  given  at  the  top  of  this  page. 

o 

One  year's  data  will  be  insufficient  to  obtain  even  slightly  reliable  estimates 
of  v - ( 0)  or  V.  (0).  Until  sufficient  data  is  available  for  such  estimates,  it 
3 o 

is  suggested  that  the  arbitrary  values 


k0 


12 

E Vj 

j=k0  J 
12 


Vk  (0)  = £ v,(0) 

k°  j-k0  ] 


be  used  Instead. 

Once  several  years'  data  is  available,  the  values  Vj(o)  may  be  estimated  by 
combining  these  years'  data  and  computing 

,nv  _ fatalities  occurring  on  boats  of  age  zero  manufactured  in  month  j 
vjw  = total  fatalities  occurring  on  boats  of  age  zero 

Vk  (0)  may  then  be  obtained  from  the  formula  given  at  the  top  of  this  page, 

o 


An  alternative  to  using  the  values  v.  and  V,  would  be  to  use  boat  production 

J Kg 

data.  If  a fraction  Wj  of  a year's  production  occurs  during  the  month  j,  we 

could  assume  w-  = v.  and  use  the  quantities 
J J 

12 

W.  = £ w.  in  place  of  V. 

*0  j=k0  J k0 

Unfortunately,  we  could  obtain  no  actual  boat  production  data  from  any  of  the 
sources  we  contacted,  including  MAREX,  NAEBM,  and  Boating  Industry  magazine. 


Finally,  we  present  the  benefit  equations: 


and  for  T = t0 


P • (y?  )(z  ) • V.  (0). 
to  0 Ko 


If  desired,  one  can  replace  the  first  term,  B+  , with  the  arbitrary 

to 

approximation  given  above. 


Until  actual  values  of  V.  are  available,  one  may  desire  to  assign  arbitrary 

Ko 

values.  For  instance,  if  one  arbitrarily  assumes  that  vx  = v2  * • • • - v12  " 
'13-kr 


then  V, 


^o 


12  ’ 


In  this  case  one  has  the 


arbitrary  benefit  estimates  for  a standard 
beginning  of  month  k0  of  year  t0: 

becoming  effective  at  the 

Bt  * 

p • <y")(zt. 

•to  • ( 12  )<zt-t„>) 

, for  t > t0  ; 

Bt  * 
to 

P • ( 

i3-k0  y 

'(y*o)(z0)  ; 

P \ 

12  / 

cT  * 

P ‘ 

/13-k0 

V-TF" 

k)(2»'  * tii 

■ ( 12  ) <zt-t0 

>)]•  T > 

Ct  = 

Bt 

*-0 

4.4  Adjusting  Benefit  Estimates  for  Anticipatory  or  Partial  Compliance 

In  the  case  of  anticipatory  compliance  some  manufacturers  begin  producing  boats 
which  satisfy  a standard  before  its  official  inception  date.  In  this  instance, 
additional  benefits  accrue  due  to  additional  boats  satisfying  the  standard. 

Unless  the  expected  amount  of  anticipatory  compliance  involves  a significant 
number  of  boats,  we  suggest  that  the  effects  of  this  early  compliance  be  ignored. 
If  the  amount  of  anticipatory  compliance  is  expected  to  be  significant,  it  can 
be  accounted  for  as  described  below. 
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Partial  compliance  occurs  if  some  manufacturers  delay  in  meeting  a regulation  so 
that  some  time  elapses  between  the  official  inception  date  of  the  standard  and 
the  dates  at  which  these  manufacturers  begin  producing  complying  boats.  It  also 
occurs  if  some  manufacturers  have  difficulty  in  meeting  the  provisions  of  the 
standard  so  that  the  boats  which  they  produce  do  not  at  first  fully  meet  the 
standard.  As  with  anticipatory  compliance,  we  suggest  that  the  effects  of 
partial  compliance  be  ignored  unless  it  is  expected  that  a significant  number 
of  boats  are  involved.  If  a significant  amount  of  partial  compliance  is  anticipated, 
the  method  described  below  can  be  used  to  take  it  into  account. 

The  same  method  may  be  used  to  adjust  benefit  estimates  for  either  anticipatory 
compliance  or  partial  compliance  or  both.  Before  considering  the  more  realistic, 
but  more  complex  case  of  monthly  changes  in  the  rate  of  compliance  we  examine 
the  simpler  case  of  yearly  changes  in  compliance. 

Let  t0  be  that  model  year,  which  is  the  earlier  of  the  official  inception  year 
of  the  standard  and  the  year  in  which  anticipatory  compliance  becomes  signi- 
ficant. For  this  simplified  case,  we  will  assume  that  compliance  becomes  signi- 
ficant at  the  beginning  of  model  year  t0  and  that  the  fraction  of  affected  boats 
which  are  in  compliance  is  relatively  constant  during  each  model  year  i,  i=t0, 

t0+l,  We  call  these  fractions  compliance  factors  and  denote  them  by  c(i), 

where  i denotes  year.  Thus,  c(t0)  is  the  fraction  of  affected  boats  manufactured 
in  year  t0  which  comply  with  the  standard,  c(to+l)  is  the  fraction  of  affected 
boats  manufactured  in  year  t0+l  which  comply,  etc.  Clearly  c(i)  is  an  increasing 
function  of  i and  should  actually  attain  or  nearly  attain  the  value  one. 

Now,  if  compliance  were  100  percent,  then  in  year  t the  benefit  would  be 

Bt  = p • (y^)  E V,  ■ 

1-tg 

In  year  t,  zt_..  is  the  fraction  of  the  potentially  affected  fatalities  associated 
with  boats  of  age  t-i,  that  is,  with  boats  manufactured  in  year  i.  If  we  con- 
sider that  only  a fraction  c(i)  of  these  boats  comply  with  the  standard  and 
assume  that,  except  for  the  standard,  all  boats  manufactured  in  year  i are 
equally  likely  to  be  involved  in  a fatal  accident,  then  it  follows  that  only  the 
fraction  c(i)  • of  fatalities  on  boats  made  in  year  i are  potentially 

affected  by  the  standard. 
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The  benefit  equation  with  compliance  taken  into  account  on  a yearly 
basis  is,  therefore, 

Bt  * P * <*?>  ? c(i)  • . 

i=t0 


Using  this  simplified  example  as  a guide,  we  now  take  months  into  account.  Let 
c(i,j)  be  the  fraction  of  affected  boats  manufactured  in  month  j of  year  i which 
(substantially)  comply  with  the  standard.  Suppose  that  month  k0  of  year  t0  is 
that  time  at  which  the  earlier  of  substantial  compliance  and  the  official  date  of 
the  standard  occurs.  We  will  begin  to  count  benefits  from  this  time.  First, 
consider  benefits  in  years  t,  t > t0. 

If  compliance  were  100  percent  from  the  beginning  of  month  k0  of  year  t0,  then  in 
year  t,  (v.)(zt  .)  would  be  the  fraction  of  potentially  affected  fatalities  asso- 
ciated  with  boats  made  in  month  j of  year  i.  As  only  the  fraction  c(i,j)  of 
these  boats  comply  with  the  standard,  it  follows  that  only  the  fraction 
c ( i ,j)(vj)(zt _■)  of  the  fatalities  in  year  t involving  boats  manufactured  in 
nonth  j of  year  i are  potentially  affected  by  the  standard. 

For  fatalities  in  year  t0,  a similar  argument  yields  c(t0,j)(v.(0))(z  ) as  the  frac- 

J 0 

tion  of  potentially  affected  fatalities  in  year  t0  associated  with  boats  made  in 
month  i of  year  t0. 

To  use  these  quantities,  the  benefit  equations  for  Bt  in  Section  4.3  must  be 
expressed  in  an  expanded  form: 

For  t > t0. 
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and 


Bt  - P • (yT  )(z0)  V.  (0) 
zo  Ko 

* p • (y?  )(z0)  £ v.(o)  . 
r0  j=k  J 

These  equations  may  now  be  modified  by  merely  inserting  a factor  c(i,j)  in  each 
term: 

The  yearly  benefit  Bt  due  to  a standard  which  begins  to  significantly 
affect  new  boats  at  the  beginning  of  month  k0  of  year  t0  is  given 
below.  The  compliance  factor  c(i,j)  in  each  term  is  the  fraction  of 
affected  boats  manufactured  in  month  j of  year  i which  satisfy  the 
standard. 


Cumulative  benefits  through  the  year  T are  given  by 


Cy  ■ £Bt 

t=t0 
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Until  actual  v.  md  v.(0)  values  are  available,  one  may  desire  to  use  the  a rb i - 
J J 

trary  approximations  which  have  been  presented  before.  In  this  case,  make  the 

substitutions:  1 - 25  - 2j.* 

Vj  = 12  3nd  VJl0)  "44 


For  each  standard,  estimates  of  the  c(j,t)  values  will  have  to  be  made  by  Coast 
Guard  personnel  familiar  with  the  boating  industry  and  the  engineering  complexity 
and  costs  involved. 


The  factors  c(i,j)  may  also  be  used  to  account  for  another  possibility.  Some 
manufacturers  may  move  their  production  schedules  forward  so  as  to  produce  larger 
numbers  of  boats  before  the  standard  becomes  effective  and  lesser  numbers  of 
boats  for  a time  after  the  standard  becomes  effective.  This  would  have  the  same 
effect  as  if  these  manufacturers  would  produce  noncomplying  boats  for  some  time 
after  the  effective  date  of  the  standard.  By  using  appropriate  c(i,j)  values  to 
account  for  lessened  production  in  the  months  just  after  the  effective  date  of 
the  standard,  the  benefit  values  may  be  appropriately  adjusted. 


A 


♦Note  that  in  this  case: 


12 


vj 


• 1 


12 


, so 


i=J 


Vj (0)  = Vj(0)  - Vj+1(0) 


(a3-(j+n) 


12  /Vj  ‘ 12  M+l 


V., 


■ m2  - m 


25  - 2. 
144  J 


VI-28 


'•’V 


5.0  RETROFIT  AND  OTHER  STANDARDS 


An  instance  might  arise  in  which  all  boats,  new  and  old,  in  a certain  group  would 
be  required  to  conform  to  a new  or  revised  standard.  In  this  case,  the  standard 
would  result  in  both  yearly  benefits,  B , due  to  the  new  boats  which  meet  it,  plus 
additional  yearly  benefits,  B^,  due  to  older  boats  which  would  be  retrofit  to  con- 
form to  the  standard. 

The  equation  for  would  be  as  before.  To  predict  the  yearly  benefits  BJ. 
accruing  from  older  boats  being  retrofit,  it  will  be  necessary  to  estimate  the 
proportion  of  them  which  would  be  retrofit  each  month  or  year.  The  likelihood 
that  a boat  would  be  retrofit  and  the  speed  with  which  it  would  be  done  would  be 
related  to  its  age,  frequency  of  use,  value,  the  benefit  and  cost  of  the  retro- 
fit, and  the  amount  of  enforcement  used.  Interrelationships  between  the  vari- 
ables will  make  it  very  difficult  to  obtain  benefit  predictions  for  boats 
manufactured  before  the  date  of  the  standard.  It  is  likely  that  such  boats 
which  owners  do  have  retrofit  would  be  used  more  than  the  average  for  their  age. 
This  would  tend  to  have  the  effect  of  increasing  their  likelihood  of  having  an 
accident.  On  the  other  hand,  these  owners  probably  would  be  more  safety  con- 
scious, which  would  tend  to  decrease  their  likelihood  of  having  an  accident. 


Probably  the  best  that  could  be  obtained  would  be  a rough  estimate  of  the  form: 


tn-1 


8t 


(dt)(ymt)  22 


(zt-i} 


1 --oo 


• P • <dt><*t>  (1‘V 

where  d.  is  the  estimated  fraction  of  those  boats  manufactured  before  year  t 
1 o 

which  are  still  in  use  that  are  retrofit  early  in  year  t or  before. 

The  total  estimated  benefit  of  the  standard  in  year  t will  be  Bt  + B^,  and  the 
cumulative  will  be 

T 

Cj  ■ 22  (Bt+Bt) 
t=tQ 
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In  the  case  of  new  or  revised  standards  affecting  safety  equipment,  such  as  PFDs, 
flares  and  fire  extinguishers,  the  same  kind  of  analysis  and  equations  (for 
and  Bt)  may  be  used. 
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APPENDIX  VI-A 


RELATIONSHIP  BETWEEN  CALCULATED  BOAT  AGE  AND  ACTUAL  BOAT  AGE 

Boating  accident  reports  very  seldom  contain  information  on  the  day  or  month  of 
manufacture  of  a boat.  For  this  reason,  we  arbitrarily  defined  (assumed)  the  age 
of  an  accident-involved  boat  to  be  the  model  year  of  the  accident  less  the  model 
year  of  manufacture.  This  definition  may  underestimate  or  overestimate  the 
actual  age  of  a boat,  as  can  be  seen  from  the  following  argument: 

X A B 

Model  Year  — | ■■  ^ j 1 1 ^ 

1977  1978  1979 

Consider  two  boats  A and  B which  are  both  manufactured  on  date  X in  1977.  Each 
has  an  accident  in  1978  on  the  date  indicated  in  the  diagram.  According  to  our 
definition,  both  boats  are  of  age  one  at  the  time  of  their  accidents,  although 
boat  A is  actually  less  than  one  year  old  and  boat  B is  greater  than  one  year 
old.  In  general,  we  have: 


Calculated  Age,  a, 
in  Years 


Actual  Age,  A, 
in  Years 

0 < A < 1 

0 < A < 2 

1 < A < 3 


n n-1  < A < n+1 

It  is  important  to  understand  the  relationship  between  a calculated  boat  age  and 
the  year  in  which  it  has  an  accident.  For  example,  a boat  with  a calculated  age 
of  one  year  could  actually  be  from  zero  to  two  years  old.  However,  a boat  with 
a calculated  age  of  one  year  which  has  an  accident  in  model  year  1979  must  have 
been  manufactured  in  model  year  1978.  Knowledge  of  the  accident  model  year  and 
the  calculated  age  fixes  the  year  of  manufacture. 


VI-A-1/2 


APPENOIX  VI-8 


BENEFIT  EQUATION  DERIVATIONS  FOR  SAFETY  STANDARDS 
BECOMING  EFFECTIVE  DURING  A MODEL  YEAR 

In  this  appendix  we  derive  equations  presented  in  Section  VI,  4.3.  Consider  the 
equation  for  benefits  derived  in  the  year  t: 

t-t0  t-tp 

Bt  = P • J^f(a.t)  = p -^2  (yt)(za)  » 
a=0  a=0 

where,  we  remind  the  reader,  f(a,t)  is  the  number  of  fatalities  that  occur  in 
model  year  t on  boats  of  age  a. 

By  letting  a = t-i,  this  equation  may  be  expressed  as 

t t 

Bt  = P*S  = (yt)(zt-i) 

i=tp  i=t0 

Figure  VI-B-1  illustrates  this  form  of  the  benefit  equation  for  t0  - 1977  and 
t = 1977,  1978,  1979.  Note  that  only  fatalities  occurring  on  boats  manufactured 
during  1977  (year  t0)  before  the  effective  date  of  the  standard  should  be 
excluded  from  benefit  estimations.  Thus,  only  the  term  f(t-t0,t)  in  the  equa- 
tion for  Bt  must  be  modified  to  take  into  account  the  effective  date  of  the  stan- 
dard. This  is  the  term  in  the  equation  which  accounts  for  fatalities  on  boats 
manufactured  during  the  implementation  year  t0. 

Let  us  assume  that  the  standard  becomes  effective  at  the  beginning  of  month  k0 
of  model  year  t0.*  Also,  let  g.(t,t0)  represent  the  number  of  fatalities 

J 

occurring  in  year  t involving  boats  produced  during  month  j of  year  t0.  Note 
12 

that  f(t-t0,t)  = T,  g^t.tp).** 

J=1  J 


♦If  the  standard  becomes  effective  during  month  ko,  an  appropriate  adjustment 
can  be  made  by,  say,  assuming  that  production  is  uniform  for  the  month. 

**As  we  are  dealing  with  model  years,  j = 1 corresponds  to  August,  while  j = 12 
corresponds  to  July. 
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FIGURE  VI-B-1.  COMPARISON  OF  BENEFIT  EQUATION  EXAMPLES 
WITH  BOAT  (MODEL)  YEARS  AND  STANDARD  IMPLEMENTATION  YEAR 


Rather  than  there  being  f(t-t0,t)  fatalities  in  year  t involving  boats  produced 
during  year  t0  and  which  are  potentially  affected  by  the  standard,  there  are 

12 

g.(t,t0)  such  fatalities. 

j-k0 

Thus,  the  benefit  equation  for  B.  is 

ro 

12 

Bt0  = p * 53  9j 

j=k0 

and  for  t > t0,  , 12 

Bt  = p * (53  9j(t*t0)  + f(t-i,t) 

\j=k0  1-t0+l 

for  a standard  implemented  at  the  beginning  of  the  month  k0  of  the  year  t0. 

Consider  the  fraction  v^  of  fatalities  occurring  in  year  t involving  boats  manu- 
factured in  month  j of  year  t0.  We  will  assume  that  this  fraction  is  the  same 


for  all  years  t 

and  all  years  t > t . Let 

0 

0 

12 

vk„  ■ E v 

jsk0 

Note  that  V 

= 1.00  . 

Then  for  t > t0. 

9j(t,t0)  = (Vj)  • f(t-t0,t) 

12  12 

and 

y.  9j(t,t0)  = (vj  • 

j=k0  j=k0 

12 

= f(t-t0,t)  • ^ Vj 

J=k0 

» f(t-t0,t)  • V. 

Ko 
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Therefore,  for  t>t 


o » 


The  quantities  v.  and  V.  cannot  be  used  for  accurate  benefit  calculations  for 
J *0 

the  year  t0.  This  is  because  a boat  manufactured  at  the-  end  of  the  year  t0 
has  far  less  chance  of  being  in  a fatal  accident  in  t0  than  does  a boat  manu- 
factured at  the  beginning  of  t0.  On  the  other  hand,  both  boats  probably  have 
about  an  equal  chance  of  being  in  fatal  accidents  in  year  t0+l,  in  year  t0+2, 
etc.  Therefore,  special  values  Vj (0)  and  V|^(0)  for  year  *o  must  be  obtained. 


The  method  of  obtaining  estimates  of  the  quantities  v.,  V.  , v.(0)  and  V.  (0)  are 

J K o J K q 

described  in  Section  4.3.  As  stated  there,  one  year's  data  will  be  sufficient 

for  initial  estimates  of  v.  and  V.  . For  estimates  of  the  values  v.(0)  and 

J ^ 0 J 

V.  (0),  several  year's  data  will  be  needed.  When  this  data  is  available,  one 

Ko 

can  compute 

12 

Bt0  = P * (to » t0) 

j=ko 

12 

= P ‘ 2 (vj^ 

J=ko 

= p • f(0,t0)  • vkQ(o) 

- p • (y?  )(z0)  • \ (o) 

*0  k0 

Before  the  data  for  v.(0)  are  available,  we  suggest  the  following  arbitrary 

J 

method  for  obtaining  B.  : 

*-0 

In  place  of  the  values  V.  (0),  use  the  values 

K n 


vk  (0) 
*0 


/ 13  - k0\ 

- (— ; 


Note  that  V (0)  » V 3 1.00,  which  is  a necessary  requirement,  and  as  k increases, 
1 1 a 

regularly  decreasing  portions  of  V.  make  up  the  value  V.  (0). 

Ko 

Using  this  arbitrary  expression  for  Vk  (0),  we  obtain  as  an  approximation 

*o 
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VII  ASSESSING  THE  SAFETY  IMPACT  OF  PAST  AND  CURRENT  REGULATIONS 


1.0  INTRODUCTION 

In  this  section  we  present  methods  for  assessing  the  actual  safety  impact  which  past 
and  current  Coast  Guard  regulations  have  had  on  recreational  boating.  We  apply  these 
methods  to  the  interim  safe  powering,  safe  loading,  and  basic  flotation  standards 
(Appendix  VI I -A) , promulgated  by  the  Coast  Guard  in  response  to  the  Federal  Boat 
Safety  Act  of  1971  which  granted  the  Coast  Guard  the  authority  to  establish  construc- 
tion and  performance  standards  for  recreational  boats  and  associated  equipment.  At 
that  time,  the  boating  industry  had  certain  standards  which  were  subscribed  to  by 
members  of  the  Boating  Industry  Association,  including  major  boat  manufacturers.  As 
the  development  of  more  effective  and  potentially  more  costly  regulations  required 
time  for  research,  the  Coast  Guard  decided  to  establish  these  standards  in  the 
interim. 

In  Section  2.0  we  describe  the  powerful  intervention  analysis  method  which  may  be 
used  whenever  sufficient  data  in  the  form  of  a time  series  is  available.  Then,  a 
variant  of  this  method  is  used  to  assess  the  effects  of  the  interim  safe  powering, 
safe  loading  and  basic  flotation  standards.  It  is  concluded  that  the  first  two  of 
these  standards  had  no  measurable  affect  on  fatalities  but  that  the  basic  flotation 
standard  helped  save  about  572  lives  through  calendar  year  1976. 

In  Section  3.0  we  present  methods  based  on  a "Benefit  Assessment  Diagram."  These 
methods  have  the  advantage  of  not  requiring  a large  number  of  time  series  observa- 
tions. They  may,  for  instance,  be  used  with  a sample  of  accident  data  from  a single 
year.  These  methods  are  then  used  to  evaluate  the  interim  safe  powering  standard.  It 
is  concluded  that  there  is  no  difference  in  the  effectiveness  of  the  regulation  and 
the  industry  standard  on  which  it  was  based. 

Finally,  in  Section  4.0  we  describe  factors  which  may  cause  a benefit  assessment 
to  be  invalid,  examine  the  methods  we  have  presented  in  light  of  these  factors,  and 
present  a brief  comparison  of  these  methods. 


2.0  BENEFIT  ASSESSMENT  THROUGH  THE  USE  OF  INTERVENTION  ANALYSIS 

2.1  Introduction 

In  the  next  several  pages  we  describe  a powerful  method  for  assessing  or  tracking 
the  benefits  of  safety  regulations  and  programs.  This  method,  called  intervention 
analysis , has  been  used  to  measure  the  effects  of  anti -pollution  automotive  regula- 
tions in  the  Los  Angeles  area  (Reference  VII-1),  automotive  alcohol  control  pro- 
grams and  the  fifty-five  (55)  mph  speed  limit  (References  VII-2,  3),  and  advertis- 
ing programs  and  price  increases  on  product  sales.  We  will  apply  an  extension  of 
this  method  to  recreational  boating  time  series  fatality  data  to  assess  the  effect 
of  the  interim  safe  boating  standards  described  in  Section  VII-1. 0. 

2.2  A Description  of  Intervention  Analysis 

Consider  a time  series  {y^ > , and  suppose  that  at  some  point  in  time  an  event, 
transitory,  recurring  or  continuing,  occurred  which  might  have  had  an  effect 
on  the  time  series.  A number  of  techniques  have  been  investigated  for  deter- 
mining whether  the  intervention  (event)  had  an  effect  on  the  time  series  and  the 
degree  of  such  an  effect  (References  VII-1,  4,  5,  6).  The  most  useful  of  these 
methods,  taking  into  account  generality  and  computer  program  availability,  is  the 
Box-Tiao  intervention  analysis  method  and  its  extensions. 

Intervention  analysis  is  actually  a special  instance  of  transfer  function  modeling. 
As  originally  conceived,  a dummy  or  indicator  time  series  intervention  variable  is 
used  as  an  input  time  series.  This  intervention  variable  has  the  value  zero  at 
periods  where  the  intervention  does  not  occur  and  the  value  one  at  periods  where 
it  does  occur.  The  form  of  the  effect  of  the  intervention  variable  is  initially 
identified  either  by  direct  examination  of  the  series  {y^}  or  by  the  theoretical 
effect  it  is  expected  to  induce.  For  instance,  the  effect  might  be  a change  in  the 
level  (mean)  of  the  series  or  a change  in  trend. 

Simple  forms  of  intervention  effects  can  often  be  obtained  by  applying  simple 
ARIMA-lfke  processes  to  the  durny  or  Indicator  intervention  variable.  Figure 
VII-1  illustrates  some  examples.  In  each  example,  the  factor  B2  reflects  a two- 
period  delay  In  the  Initiation  of  the  effect  of  the  intervention.  More  complex 
intervention  effects  may  be  modeled  through  the  use  of  more  complex  ARIMA-like 
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processes  or  the  use  of  more  than  one  intervention  variable.  The  theoretical 
effects  of  the  interim  boating  safety  standards  are  much  more  complex  than  those 
illustrated  in  Figure  VII-1,  requiring  a more  involved  approach.  This  is  described 
in  Section  3.0. 

The  process  of  developing  an  intervention  analysis  model  is  basically  the  same  as 
that  for  developing  a transfer  function  model,  except  that  the  identification  steps, 
including  prewhitening  the  intervention  (input)  series  are  omitted.  As  already 
described,  the  intervention  (transfer  function)  portion  of  the  model  is  initially 
identified  through  direct  examination  of  the  series  {yt > or  by  theoretical  con- 
siderations. 

The  noise  portion,  nt,  of  the  model  may  be  identified  in  one  of  two  ways: 

1.  If  an  examination  of  the  series  (yt>  plot  indicates  that  {yt>  is  not 
strongly  affected  by  the  intervention,  an  ARIMA  model  of  {yt > alone  can 
first  be  developed.  The  model  then  is  transformed  into  the  noise  portion 
of  the  overall  intervention  analysis  model.  This  transformation  is  easily 
performed  by  rewriting  the  ARIMA  model,  *(B)(1-B)dyt  * e(B)at>  in  the  form 

n.  = — t a.  , 

t *(B)(1-B)d  1 

replacing  yt  by  nt. 

2.  If  the  intervention  has  a strong  effect  on  {yt > , the  parameters  of  the 
intervention  portion  of  the  model  can  be  estimated  and  the  model  residuals 
then  examined.  The  autocorrelations  and  partial  autocorrelations  of  these 
residuals  can  then  be  used  to  identify  the  noise  portion  of  the  model  in 
precisely  the  same  manner  as  in  any  univariate  modeling  procedure. 

We  now  turn  to  the  application  of  intervention  analysis  in  the  evaluation  of  the 
benefits  of  the  Interim  boating  safety  standards. 
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2.3  Evaluating  the  Benefits  of  the  Safe  Powering, 

Safe  Loading,  and  Basic  Flotation  Standards 

The  safe  loading  and  safe  powering  regulations  became  effective  1 August  1972, 
while  the  basic  flotation  regulation  became  effective  one  year  later.  The  safe 
powering  and  safe  loading  regulations  essentially  required  manufacturers  of 
boats  under  20  ft  (6.1  m)  in  length  (except  canoes,  kayaks,  and  sailboats)  to 
attach  capacity  plates  to  their  boats  which  stated  the  maximum  safe  load  for 
the  boat  and  a maximum  safe  horsepower  for  the  boat,  if  it  could  be  used  with 
an  outboard  motor.  The  basic  flotation  regulation  required  the  affected  boats 
to  be  fitted  with  sufficient  flotation  so  that  they  could  not  be  entirely  sunk 
unless  overloaded,  i.e.,  some  portion  of  the  boat  would  remain  above  the  water. 

As  discussed  before,  these  were  industry  standards  prior  to  becoming  federal 
regulations,  and  thus,  a large  percentage  of  boats  produced  prior  to  the  regulations 
met  their  provisions.  As  a result,  we  would  not  expect  these  interim  regulations  to 
have  had  a strong  effect  on  boating  safety.  As  the  prevention  of  boating  fatal- 
ities is  the  most  important  aspect  of  boating  safety  and  as  data  on  boating 
fatalities  is  more  complete  than  is  data  on  boating  injuries  or  accidents,  we 
performed  our  analyses  on  time  series  of  boating  fatality  data. 

In  order  to  have  sufficient  data  points  for  the  analyses,  it  was  necessary  to  use 
monthly  boating  fatality  statistics.  As  described  in  Section  V,  2.4,  this  data 
was  available  for  January  1969  through  December  1976.  The  time  series  of  all 
monthly  fatalities  during  this  period  and  four  other  series  of  fatalities  were 
used  in  the  analyses.  As  the  procedure  basically  was  the  same  for  all  series, 
we  will  describe, it  in  detail  only  for  the  series  of  all  monthly  fatalities. 

As  the  regulations  undef  consideration  came  into  effect  one  year  apart,  we  would 
expect  two  intervention  effects.  These  regulations  affected  only  new  boats,  so 
their  effects  should  have  increased  over  time  as  the  fraction  of  the  boat  pop- 
ulation produced  since  their  establishment  increased.  For  each  intervention 
the  increasing  year-to-year  pattern  of  these  benefits  would  be  expected  to  have 
the  shape  illustrated  in  Figure  VI-3.  This  pattern  is  quite  linear  for  the 
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first  few  years*  and  eventually  levels  off  as  an  increasingly  larger  portion  of 
the  boat  population  complies  with  the  standard.  Because  these  standards  have 
been  (officially)  in  effect  only  a few  years  and  because  linear  patterns  are  easier 
to  work  with,  they  were  chosen  for  the  year-to-year  components  of  the  inter- 
vention variables. 

The  fatality  data  is,  of  necessity,  monthly.  Although  an  intervention  might  show 
a yearly  linear  pattern,  it  would  not  show  such  a monthly  pattern  due  to  the  large 
seasonal  variation  in  fatalities.  We  would  also  expect  the  interventions  to  have 
a multiplicative  influence,  affecting  fatalities  in  proportion  to  their  numbers. 
Because  of  this  complexity  in  the  form  of  the  intervention  we  did  not  use  a simple 
0-1  indicator  variable  with  ARIMA-type  factors  (as  in  Figure  VII-1)  to  generate 
the  required  intervention  variables.  Instead,  we  used  the  following  means  to 
combine  the  linear  year-to-year  patterns,  the  seasonal  patterns,  and  the  multi- 
plicative influences  involved  in  the  interventions. 

The  seasonal  pattern  for  monthly  fatalities  was  first  determined.  This  pattern  is 
illustrated  in  Figure  VI 1-2  and,  as  can  be  seen,  contains  no  trend;  it  repeats  itself 
year-to-year.  The  pattern  was  obtained  by  calculating,  for  each  year,  the  fraction 
of  that  year's  fatalities  which  occurred  each  month.  Then,  for  each  month,  the 
eight  fractions  of  yearly  fatalities  (years  1969  through  1976)  were  averaged.  The 
12  averaged  values  established  the  pattern.  These  values  are  the  first  12  values 
listed  and  illustrated  in  Figure  VI 1-2.  These  values  are  then  repeated  so  that 
the  period  January,  1969  through  December,  1976  is  encompassed. 

This  seasonal  pattern  was  then  modified  to  create  the  intervention  variables  il- 
lustrated in  Figures  VI 1-3,  4,  5,  and  6.  This  was  done  by  replacing  the  pattern 
values  with  zeros  for  months  before  the  initiation  of  each  intervention  and  multi- 
plicatively  superimposing  a linear  trend,  with  slope  one,  upon  the  seasonal  fatal- 
ity pattern  for  months  at  and  after  the  initiation  of  the  intervention.  It  should 
be  noted  that  the  size  of  the  slope  of  the  trend  is  arbitrary;  the  values  obtained 
for  the  intervention  model  parameters  automatically  take  the  slope  value  into 
account. 


* Fitting  a linear  model  to  the  values  in  Table  VI-4  yields  r2  values  of  0.99  for 
the  first  three  years  (ages  zero  through  two),  0.986  for  the  first  four  years 
and  0.982  for  the  first  five  years. 
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FIGURE  VI 1-2.  SEASONAL  PATTERN  OF  MONTHLY  FATALITIES 
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FIGURE  VI 1-3.  INTERVENTION  VARIABLE  INITIATING  IN  JANUARY,  1972 
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rIGURE  VI 1-4.  INTERVENTION  VARIABLE  INITIATING  IN  AUGUST,  1972 
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FIGURE  VI 1-6.  INTERVENTION  VARIABLE  INITIATING  IN  AUGUST,  1973 
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The  intervention  variables  were  developed  so  that  the  intervention  analysis  models 
would  be  of  the  form 


yt = Vt + nt 

for  a single  intervention  x^,  and 

y.  = u x„  + + n. 

z o z o z z 

for  two  interventions  xt  and  x^.  As  an  examination  of  the  data  indicated 
that  the  interventions  were  not  dominant,  models  of  the  noise  portions,  n^,  of 
the  models  were  developed  through  univariate  modeling  of  the  fatality  time  series. 
In  all  cases  these  choices  of  noise  models  proved  entirely  adequate. 

The  first  model  developed  was  a two- intervention  model  of  the  monthly  fatality 
data.  The  interventions  were  taken  as  xt>  initiating  in  August,  1972  for  the 
safe  powering  and  loading  regulations  and  x£,  initiating  in  August,  1973  for  the 
basic  flotation  regulation.  The  intervention  variable  series  are  illustrated  in 
Figures  VI 1-4  and  6 while  the  fatality  series  is  illustrated  in  Figure  V-3.  Figure 
VI 1-7  shows  a summary  of  the  model  obtained. 


The  model  is 


26.296xt 


42. 349x1.  ♦ O-0.772BKli0:654_BiiI  a 

1 ( 1 -B) ( 1 -B 1 2 ) 


Neither  of  the  95%  confidence  intervals  for  the  coefficients  of  x^  and  x^.  con- 
tains the  value  0.  The  coefficient  26.296  of  xt  would  seem  to  indicate  that  the 
safe  powering  and  safe  loading  regulations  caused  increased  fatalities.  However, 
an  examination  of  the  fatality  series  plot  in  Figure  V-3  shows  that  1973  alone  had 
an  unusually  large  number  of  fatalities.  The  regulations  couldn't  possibly  have 
had  such  an  effect  so  rapidly.  Clearly  some  other  factor  influenced  the  fatality 
series  causing  the  1973  Increase,  and  the  safe  loading  and  powering  regulations 
appear  to  have  been,  at  best,  marginally  effective.  This  conclusion  is  further 
supported  by  the  analysis  of  single  intervention  models  described  in  the  following 
pages.  Also  the  correlation  between  the  coefficients  of  x^.  and  x^  is  -0.94 
indicating  model  redundancy  with  the  inclusion  of  two  interventions. 


We  therefore  performed  further  analyses  using  a single  intervention  variable. 

As  this  variable  had  to  represent  the  regulations  established  in  1 072  and  1973 
and  as  there  well  might  have  been  anticipatory  compliance  with  them,  we  developed 
intervention  models  for  four  intervention  series. 

The  intervention  models  y..  = u x^+n.,  developed  for  monthly  fatalities  (Figure  V-3) 

U Q L L 

are  as  follows: 

I.  Intervention,  xt,  initiating  in  January,  1972  (Figures  VI 1-3,  8) 


= -3.724x.  ♦ U-0,632B)q-0.6638'4) 

C ' (1-BM1-B12)  1 

II.  Intervention,  xt,  initiating  in  August,  1972  (Figures  VI 1-4 , 9) 


,_4  61,  + (l-Q.630B)(l-0.664812) 

' (1-BKl-B12)  1 

III.  Intervention,  xt,  initiating  in  January,  1973  (Figures  VI 1-5,  10) 


. ,6.54  , Q:M<JgUkO,659Bl2.)  , 

' C (l-B)O-B12)  1 


IV.  Intervention,  xt>  initiating  in  August,  1973  (Figures  VI 1-6,  11) 


y.  • -10.249*,  ♦ 0-°,6Z3.BJil-0.649B»2.)  . 

1 1 d-BHl-B'2)  ' 
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FIGURE  VI 1-9.  MONTHLY  FATALITIES,  AUGUST  1972  INTERVENTION  MODEL 
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FIGURE  VII-10.  MONTHLY  FATALITY,  JANUARY  1973  INTERVENTION  MODEL 
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FIGURE  VII-11.  MONTHLY  FATALITY,  AUGUST  1973  INTERVENTION  MODEL 
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Only  model  IV  has  a parameter  u which  does  not  include  zero  in  its  95%  confi- 

o 

dence  interval.*  Also  this  model  has  the  least  residual  mean  square  of  the  four 
models,  and  a residual  mean  square  less  than  that  of  the  univariate  model  of  the 
monthly  fatality  series  (Figure  V-10).  We  therefore  chose  Model  IV  as  the  one 
best  representing  the  effect  of  the  interim  standards. 

One  way  of  using  this  model  to  estimate  the  number  of  lives  saved  by  these  regula- 
tions is  to  multiply  the  sum,  S,  of  the  x+  values  by  (-w  ).  For  the  August,  1973 

t o 

intervention  series. 

96 

S xt  = 70.59. 

t=l 

The  number  of  lives  saved  is  estimated  as 

B = (-«  )S  = (10.249) (70. 59)  = 723  lives 

o 

over  the  period  August,  1973  to  December,  1976. 

To  obtain  the  lower,  B,  and  upper,  F,  95%  confidence  limits  of  B we  use  the  upper 

Z , and  lower  u , confidence  limits  for  u : 
o ~o  o 

B = (-w  )S  = (1 . 3865 ) ( 70 . 59)  = 98  lives 
_ o 

B = (-w  )s  = (19.111 )(70.59)  = 1349  lives. 

~o 


* We  should  mention  how  the  standard  errors  of  the  parameters  may  be  calculated. 
The  program  we  used  uses  the  value  2.0  to  calculate  the  95%  confidence  limits 
rather  than  the  more  correct  value  1.96.  The  standard  error  of  a parameter  may 
therefore  be  calculated  as  one-half  the  difference  between  its  upper  95%  confi- 
dence limit  and  its  maximum  likelihood  value.  For  Instance,  for  the  Interven- 
tion parameter  In  Model  IV  (Figure  VII-11),  the  standard  error  is 

s = ^(<yw0)  * ^-l  .3865  - [-10.249])  * 4.431. 
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We  also  obtained  lower  and  upper  75%  confidence  limits,  B'  and  F' , of  B.  These  are 

calculated  by  first  obtaining  the  standard  error,  s,  of  the  parameter  o»  as  ill us- 

o 

trated  in  the  previous  footnote.  The  75%  confidence  limits  for  B are  then  given  by 

u'  = ..  - ( 1 . 1 5 ) s * -10. 249- ( 1 .15) (4.431 ) = -15.345 
“o  o 

and 

+(1 . 15)s  = -10.249+(1 . 15)  (4.431 ) = -5.1534. 

oo 

The  lower  and  upper  75%  confidence  limits  are  obtained  in  the  same  manner  as 
before: 

B*  = (-ZT’)S  = (5.1 534 )(70.59)  = 364  lives, 

— o 

F'  = (-io 1 )S  =*  (15. 345 ) ( 70 . 59 ) = 1083  lives. 

"0 

Note  that  the  effects  of  other  safety  regulations  and  programs,  such  as  PFD  car- 
riage requirement  changes  and  education  programs,  may  be  partially  included  in 
these  benefit  values.  The  size  of  the  benefit  values  may  also  be  partially  attrib- 
utable to  the  unusual  1973  peak  in  fatalities.  The  subsequent  decline  in  fatalities 
to  more  normal  levels  could  have  caused  an  increase  in  the  intervention  coefficient 

io  . There  is  also  the  possibility  that  other,  exogenous  factors  could  have  caused 
o 

some  of  the  fatality  reduction  which  the  intervention  model  attributes  to  the  interim 
standards. 

It  is  interesting  to  compare  the  benefit  values  calculated  using  Model  IV  with  the 
benefit  values  calculated  using  Models  I,  II  and  III.  These  values  are  as  follows: 

Model  I (January  1972): 

B * (3. 7235 ) ( 1 50. 95)  * 562  lives  [s  = ^2.6667-[3. 7235])  = 3.195] 

B » (-2.6667) (150.95)  * -403  lives  B'  « (0.049) ( 1 50. 95)  = 7 lives 

B » (10.114)(150.95)  « 1527  lives  B*  * (7.398)050.95)  = 1117  lives 
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Model  II  (August  1972): 

B = (4.6191 )(117.61 ) = 543  lives 
B = (-2.4769)(117.61 ) = -291  lives 
B = (11 .715)(117.61 ) = 1378  lives 

Model  III  (January  1973): 

B = (6. 5416) (97)  = 634  lives  [s  = 1(1 .3682-[-6. 5416])  = 3.955] 

B = (-1 .3682) (97)  = -133  lives  B'  = ( 1 . 993) (97)  = 193  lives 

B = (14.451 ) ( 97 ) = 1402  lives  B'  » (11.090)(97)  = 1076  lives 

All  three  of  these  models  include  the  possibility  of  zero  benefits,  that  is,  we 
cannot  reject  this  possibility  at  the  5%  significance  level.  As  can  be  seen,  all 

four  models  have  very  wide  95%  confidence  intervals  for  the  parameter  u . In  the 

o 

following  paragraphs  we  describe  analyses  which  were  performed  in  an  attempt  to 
narrow  the  confidence  limits  and  "home  in"  on  a benefit  value. 

2.4  Supplementary  Time  Series  Benefit  Analyses 

Two  approaches  were  taken  in  trying  to  reduce  the  confidence  limits  of  the  inter- 
vention coefficients  u . We  first  investigated  a time  series  of  fatalities  occur- 

o 

ring  with  a more  restricted  class  of  boats,  eliminating  ones  which  would  not  have 
been  affected  by  the  safe  powering,  safe  loading  and  basic  flotation  standards. 

We  then  attempted  to  use  three  other  time  series  of  fatalities,  ones  which  shouldn't 
have  been  affected  by  these  regulations,  as  "control"  series  to  reduce  the  effects 
of  any  non-regulatory  influences  on  the  intervention  models.  This  was  done  by 
means  of  transfer  function  analysis.  Unfortunately,  no  strong  transfer  function 
relationships  were  found.  Finally,  we  performed  intervention  analyses  on  the 
three  "control"  series. 

We  first  describe  the  four  supplementary  series  analyzed,  then  present  the  inter- 
vention models  developed  for  these  series  and,  finally,  describe  the  attempts  at 
obtaining  transfer  function  models  involving  these  series. 
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[s  = 1(2. 4769-C-4. 6191])  = 3.548] 
B'  = (0. 5389) (11 7. 61  ) = 63  lives 
B'  * (8. 699) (11 7. 61 ) = 1023  lives 


The  series  investigated  were: 


Series  A:  Fatalities  in  Covered  or  Unknown  Boats  (Ages  Zero  to  Four  Years 
or  Unknown)  (Figure  VII-12) 

This  time  series  of  fatalities  was  developed  by  taking  fatalities  as- 
sociated with  boats  of  the  size  and  types  covered  by  the  interim  regula- 
tions and  which  were  not  more  than  four  years  old.  For  some  boats  it 
was  impossible  to  tell  if  they  were  or  were  not  covered,  and  for  over 
50%  of  the  boats,  the  boat  age  was  unknown.  Fatalities  occurring  with 
these  boats  of  unknown  type,  size  and/or  age  were  included  in  Series  A 
so  that  calculated  benefit  values  would  not  be  underestimated. 

Series  B:  Fatalities  in  Non-Covered  Boats  (Ages  Zero  to  Four  Years)  (Figure  VII-1 3) 

This  time  series  of  fatalities  was  developed  by  taking  only  those 
fatalities  associated  with  boats  not  covered  by  the  three  interim 
standards  and  for  which  it  was  known  that  the  boat  age  was  zero  to 
four  years. 

Series  C:  Fatalities  in  Non-Covered  Boats  (Ages  Zero  to  Four  Years  or  Unknown) 
(Figure  VI I- 1 4 ) 

This  series  was  developed  by  adding  to  the  fatalities  in  Series  B those 
fatalities  associated  with  non-covered  boats,  the  ages  of  which  were 
unknown.  This  series  was  included  because  of  the  relatively  small 
number  of  fatalities  occurring  in  Series  B. 

Series  0:  Fatalities  in  Covered-Ty-'e  Boats  Over  Four  Years  Old  (Figure  VII-15) 

This  series  was  developed  by  taking  only  those  fatalities  which  were 
associated  with  boats  over  four  years  old  of  the  size  and  types  covered 
by  the  regulation.  These  boats  should  not  have  been  affected  by  the 
regulations,  for  even  in  1976  the  newest  of  them  would  have  been  manu- 
factured in  1971,  before  the  standards  went  into  effect. 

Univariate  models  were  developed  for  these  series.  These  models  are  presented  in 
Table  VII-1,  p.  VII-30.  Intervention  analysis  models  using  the  four  intervention 
series  previously  described  (Figures  VI I- 3,  4,  5 and  6)  were  then  developed  for 


Series  A,  B,  C and  0.  The  forms  of  the  noise  portions  of  these  models  were  obtained 
as  in  2.2,  being  merely  the  suitably  transformed  ARIMA  model  forms  of  the  series. 
Tables  VI 1-2 , 3,  4 and  5 summarize  these  models  (see  pages  VI 1-31  through  VII-34). 

Examining  these  tables,  we  see  that  there  is  only  one  of  the  16  models  for  which 
we  can  reject,  at  the  5%  significance  level,  the  possibility  that  the  intervention 

parameter  w is  zero.  (Recall  that  w and  u are  the  lower  and  upper  95%  confidence 

0 "0  0 

limits.)  This  model  is  Model  IV  of  Series  A (Table  VII-2),  the  August,  1973  inter- 
vention model  of  fatalities  associated  with  boats  which  were  of  age  less  than  five 
years,  or  unknown  age,  and  which  were  of  the  types  and  sizes  covered  by  the  regula- 
tion, or  of  unknown  type. 


The  benefit  values  obtained  from  this  model  are: 

B = (-Os  = (8.101  ) (70.59)  = 572  lives  [s  = 1(-1 . 935-[-8. 101  ])  = 3.083] 

B = (-«Q)s  * (1 . 935) (70.59)  = 137  lives  B'  = (4.556) (70.59)  = 322  lives 

B = (-Os  = (14.267) (70.59)  = 1007  lives  B'  = (11. 646 ) (70. 59)  = 822  lives 

Comparing  these  results  with  those  obtained  for  the  series  of  all  monthly  fatalities 

we  see  that  the  u confidence  limits  are  narrower  in  this  model.  For  the  monthly 
o _ 

fatalities,  the  95%  confidence  interval  has  a width  of  w = B - B = 1251,  while  for 

the  Series  A fatalities,  the  width  is  w'  = 870.  The  Series  A confidence  limits 

are  also  narrower  relative  to  the  maximum  likelihood  benefit  estimates.  For  the 

monthly  fatalities. 


w _ 1251 
B ~ 7?T 


1.73  , 


while  for  Series  A, 


w'  _ 870 

V " vn  “ 


1.52  . 


If  there  had  been  fewer  unknowns,  even  tighter  confidence  limits  could  have  been 
obtained. 
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Finally,  the  careful  reader  may  have  noticed  that  we  used  the  same  intervention 
series  for  the  supplementary  series  intervention  analyses  as  we  did  for  the  monthly 
fatality  analyses.  We  will  now  justify  doing  this  for  Series  A. 

A seasonal  fatality  pattern  was  developed  for  Series  A.  It  matched  the  monthly 
fatality  seasonal  pattern  to  within  1%  for  every  month.  Also,  as  a boat  age  restric- 
tion was  placed  on  some  of  the  fatalities  in  Series  A one  might  expect  this  series 
(and  the  corresponding  intervention  series)  to  exhibit  a yearly  step  decline  due  to 
the  effects  of  the  regulations  and  the  age  restriction.  Examining  Figure  VII-12, 
no  such  decline  was  found.  In  addition,  seasonal,  step  interventions  were  tested 
but  they  gave  very  poor  results.  Apparently,  the  boat  age  data  is  sufficiently 
fuzzy  that  any  steps  blend  into  an  overall  decreasing  fatality  pattern. 

2.5  Transfer  Function  Modeling  with  the  Supplementary  Series 

In  an  effort  to  narrow  the  confidence  intervals  of  the  intervention  parameter  and 
benefit  estimate  obtained  from  the  August,  1973  intervention  analysis  model  of 
Series  A,  attempts  were  made  to  develop  transfer  function  models  with  Series  A as 
output  and  Series  B,  C or  D as  input.  The  results  were  disappointing.  None  of 
Series  B,  C or  D showed  even  a moderately  strong  transfer  function  (linear 
filter)  relationship  to  Series  A. 

The  analyses  actually  didn't  go  beyond  the  identification  stage.  For  input  Series 
C and  D,  the  previously  described  Table  VII-1  ARIMA  models  were  used  to  prewhiten 
both  the  series  themselves  and  the  output  Series  A,  as  described  in  Section  V, 

2.6.  To  provide  uniform  differencing  and  to  help  cause  the  crosscorrelations  to 
"die  out,"  an  ARIMA  prewhitening  model  different  from  that  in  Table  VII-1  was 
developed  for  Series  B.  This  model  was 

(1-B)(l-B12)yt  = (l-0.948B)(l-0.669B12)at. 

Crosscorrelations  between  the  prewhitened  input  and  output  series  were  then  calcu- 
lated, and  estimated  impulse  response  weights  were  calculated.  The  computer  print- 
outs are  illustrated  in  Figures  VII-16,  17  and  18.  Note  that  no  patterns  in  the 
crosscorrelations  are  apparent  and  almost  none  of  the  crosscorrelations  are  signi- 
ficant when  the  usual  comparison  with  twice  their  approximate  standard  error  of 
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— — = 0.11  are  made.  (The  approximate  standard  error  is  — - — where  n is  the 

M /F 

number  of  observations. ) The  few  crosscorrelations  which  are  significant  occur  at 

odd  places  indicating  that  they  are  spurious  values  which  should  be  ignored.  That 

stronger  relationships  were  not  found  is,  to  say  the  least,  disappointing. 
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FIGURE  VI 1-14.  FATALITIES  IN  NON-COVERED 
(AGES  ZERO  TO  FOUR  YEARS  OR  UNKNOWN) 
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FIGURE  VI 1-1 5.  FATALITIES  IN  COVERED-TYPE  BOATS  OVER  FOUR  YEARS  OLD 
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TABLE  VII-1.  UNIVARIATE  MODELS  OF  THE  SUPPLEMENTARY  SERIES 


SERIES  A:  Fatalities  in  Covered  or  Unknown  Boats  (Ages  Zero  to  Four  Years 
or  Unknown) 

(1+0,735B12)(1-B)(l-B12)yt  = (1-0.699B)at 
(Residual  mean  square  = 269) 

SERIES  B:  Fatalities  in  Non-Covered  Boats  (Ages  Zero  to  Four  Years) 

(1-B12)yt  = (l-0.676B12)at 

(Residual  mean  square  = 14.5) 

SERIES  C:  Fatalities  in  Non-Covered  Boats  (Ages  Zero  to  Four  Years  or  Unknown) 
( 1 -B) ( 1 -B1 2 )y t = (l-0.592B-0.303B2)(l-0.685B12)at 

(Residual  mean  square  = 50.9) 

SERIES  D:  Fatalities  in  Covered-Type  Boats  Over  Four  Years  Old 
( 1 -B) (1 -B1 2 )y t = ( 1 -0 . 622B-0 . 237B2) (1 -0.61  OB 1 2 )a t 

(Residual  mean  square  = 46.1) 
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TABLE  VII-2.  INTERVENTION  MODELS  OF  TIME  SERIES  A,  FATALITIES 
IN  COVERED  OR  UNKNOWN  BOATS  (AGES  ZERO  TO  FOUR  YEARS  OR  UNKNOWN) 


MODEL  I:  Intervention  Initiating  January,  1972 


y • -3.4G1X  + U-.O  -7.MB) a 

1 1 (l+0.738B12)(l-8)(]-812)  t 


to  = -8.843,  u = 1.882  (Residual  mean  square  = 267) 

— o o 

i 

MODEL  II:  Intervention  Initiating  August,  1972 


yt  - -3.720xt  + 


(1-0.704B) 


(1+0.7 40B 12)(1-B)(1-B12) 


u = -9.441,  a)  = 2.002  (Residual  mean  square  = 266) 

~o  o 

MODEL  III:  Intervention  Initiating  Janiary,  1973 


yt  = -5.537xt  + 


(1-0.728B) 


(l+0.743Bl2)(l-B)(l-B12) 


u>  = -11.614,  a)  = 0.540  (Residual  mean  square  = 260) 

~o  o 

MODEL  IV:  Intervention  Initiating  August,  1973 


h • * 


(1-0.791B) 


(1+0.750B12) (1-B) (1 -B12) 


m = -14.267,  u = -1.935  (Residual  mean  square  = 249) 

~o  o 


4 
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TABLE  VI 1-3.  INTERVENTION  MODELS  OF  TIME  SERIES  B,  FATALITIES 
IN  NON-COVERED  BOATS  (AGES  ZERO  TO  FOUR  YEARS) 


MODEL 


MODEL 


MODEL 


MODEL 


I:  Intervention  Initiating  January,  1972 


y,  . 0.061X,  * LhOJlM  , 

1 t (1-B12)  1 


u>  = -0.407,  w * 0.529  (Residual  mean  square  = 14.5) 
-o  o 

II:  Intervention  Initiating  August,  1972 


y,  . 0.015,,  ♦ 1MJZM  a 
* ' (1-B12)  1 


u = -0.516,  to  * 0.546  (Residual  mean  square  = 14.5) 
~o  o 

III:  Intervention  Initiating  January,  1973 


y = 0.0005xt  + O-0-6-766-)-  at 
t t (1_b12)  t 


to  = -0.592,  to  = 0.593  (Residual  mean  square  = 14.5) 

~o  o 

IV:  Intervention  TnTtTatnng^ August,  1973 


y,  ■ -0.046X,  * (1-0-B75B) 

1 1 (1-B12)  * 


to  = -0.746,  co  = 0.655  (Residual  mean  square  ■ 14.5) 
“o  o 


TABLE  VI 1-4.  INTERVENTION  MODELS  OF  TIME  SERIES  C,  FATALITIES 
IN  NON-COVERED  BOATS  (AGES  ZERO  TO  FOUR  YEARS  OR  UNKNOWN) 


MODEL  I:  Intervention  Initiating  January,  1972 

. 0 . { 1-0. 5908-0. 289B2) (1-0. 701 BI2J 

* 1 (1-B) (1-812)  1 

u = -1.293,  w = 3.001  (Residual  mean  square  = 51.1) 

~o  o 

MODEL  II:  Intervention  Initiating  August,  1972 

0.339,.  + ll-°-589B-0,„297B2)(l.-0,.6_92BifI 
1 1 (i-bKi-b12) 

u>  = -2.113,  co  = 2.791  (Residual  mean  square  = 51.5) 

"o  o 

MODEL  III:  Intervention  Initiating  January,  1973 

. ,0  . (l-0.6048-p,317B2),(.l.-0,!676Bin  , 

C 1 (I-B)(l-B‘2)  ' 

co  = -3.220,  w * 2.127  (Residual  mean  square  = 51.5) 
“0  o 

MODEL  IV:  Intervention  Initiating  August,  1973 

y = -1  816x  , n-0.644B-0.329B2)(l-0.637B12)  3 

t ’ 1 (1-B) (1-B12) 

(o  = -4.932,  w = 1.300  (Residual  mean  square  = 50.4) 

“0  o 


TABLE  VI 1-5 . INTERVENTION  MODELS  OF  TIME  SERIES  D,  FATALITIES 
IN  COVERED-TYPE  BOATS  OVER  FOUR  YEARS  OLD 

MODEL  I.  Intervention  Initiating  January,  1972 

=.0609x  + (1-Q.623B-0.233B2)  (1-0.602B12)  , 

1 ' 4 (1-8)  (1-B12)  4 

ui  = -2.884,  w = 1.665  (Residual  mean  square  = 46.5) 

■'0  o 

MODEL  II.  Intervention  Initiating  August,  1972 

, 7,3x  , (1-0.624B-0.234B2)  (1-0.603B12)  3 

1 ' 4 (1-B)  (1-B12)  4 

id  = -3.169,  ui  = 1.743  (Residual  mean  square  = 46.5) 

~o  o 

MODEL  III.  Intervention  Initiating  January,  1973 

. 823x  + (1-0.626B-0.232B2)  (1-0.604812)  a 

t ' 1 (1-B)  (1-B12)  4 

u>  = -3.531,  u>  = 1.885  (Residual  mean  square  = 46.5) 

~o  o 

MODEL  IV.  Intervention  Initiating  August,  1973 

, = _!  108x  t (1-0.629B-0.230B2)  (1-0.604B12) 

t ' 1 (1-B)  (1-B12)  t 

ui  = -4.133,  u * 1.917  (Residual  mean  square  = 46.4) 
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FIGURE  VI 1-16.  CROSSCORRELATIONS  AND  IMPULSE  RESPONSE 
WEIGHTS  FOR  PREWHITENED  SERIES  B AND  A 
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FIGURE  VII-I7.  CROSSCORRELATIONS  AND  IMPULSE  RESPONSE 
WEIGHTS  FOR  PREWHITENED  SERIES  C AND  A 
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FIGURE  VII-18.  CROSSCORRELATIONS  AND  IMPULSE  RESPONSE 
WEIGHTS  FOR  PREWHITENED  SERIES  D AND  A 
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3.0  BENEFIT  ASSESSMENT  DIAGRAM  METHODS 


3.1  Introduction 

In  this  section  we  review  and  extend  the  benefit  assessment  methods  developed  in 
Phase  I of  the  Regulatory  Effectiveness  Methodology  project  (Reference  VII-7).  These 
methods  use  data  on  one  set  of  fatalities  or  accidents  (called  "nonpreventable" ) 
as  a gauge  or  control  for  measuring  the  effect  of  a regulation  on  fatalities  or 
accidents  the  regulation  is  designed  to  prevent  or  reduce  (called  "potentially 
preventable"  accidents).  Examples  involving  application  of  these  methods  are 
also  presented.  Finally,  the  advantages  and  disadvantages  of  these  methods  are 
compared  with  those  of  the  time  series,  intervention  analysis  procedure. 

3.2  The  Benefit  Assessment  Diagram 

The  techniques  presented  in  this  section  make  use  of  what  we  call  Benefit  Assess- 
ment Diagrams.  Figure  VII-19  is  an  illustration  of  such  a diaqram.  The  variables  in 
the  diagram  represent  fatalities,  injuries  or  accidents.  For  convenience,  we 
shall  describe  the  diagram  in  terms  of  fatalities;  similar  descriptions  apply  for 
injuries  and  accidents. 

Consider  a regulation  aimed  at  reducing  a certain  class  of  fatalities,  that  is, 
fatalities  occurring  under  certain  conditions.  He  will  use  the  expression  "poten- 
tially preventable  fatalities"  to  indicate  those  fatalities  which  the  regulation 
is  aimed  at  affecting.  If  we  consider  the  potentially  preventable  fatalities,  say 
during  a certain  period,  some  of  these  will  have  occurred  in  spite  of  compliance 
with  the  provisions  of  the  regulation  while  the  rest  will  have  occurred  under  con- 
ditions of  noncompliance.  In  the  Benefit  Assessment  Oiagram  these  quantities  are 
labeled  y and  z,  respectively.  Also,  were  it  not  for  the  existence  of  some  com- 
pliance with  the  regulation,  we  would  expect  an  additional  number  x of  fatalities 
to  have  occurred.  These  fatalities  are  the  ones  prevented  by  (compliance  with) 
the  regulation. 

We  also  consider  a second  class  of  fatalities,  one's  which  should  not  be  affected 
by  the  regulation.  These  fatalities  will  act  as  a control  or  gauge  class  in  our 
analyses.  We  will  call  fatalities  in  this  class  "nonpreventable,"  meaning  that 
compliance  with  the  provisions  of  the  regulation  should  not  have  caused  a reduction 


\ 

\ 

in  their  number.  Let  u be  the  number  of  these  nonpreventable  fatalities  which 
occurred  under  conditions  of  compliance  with  the  regulation  and  let  v be  the 
remaining  ones,  those  which  occurred  under  conditions  of  noncompliance  with  the 
regulation. 


Potentially  . 

Preventable  Non-Preventable 


FIGURE  VI 1-19.  BENEFIT  ASSESSMENT  DIAGRAM 
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For  the  nonpreventable  fatalities  class  to  be  usable  as  a control  or  gauge,  it 
must  closely  match  the  potentially  preventable  fatalities  class,  except,  of 
course,  with  respect  to  the  effects  of  the  regulation.  Thus,  for  instance,  the 

nonpreventable  class  might  be  restricted  to  fatalities  involving  boats  of  the 
same  ages,  types  and  lengths  as  are  involved  In  the  potentially  preventable 
class.  In  the  remainder  of  this  section  we  shall  present  specific  analysis 
methods  using  the  Benefit  Assessment  Diagram,  the  assumptions  required  in  each 
method,  and  example  applications. 

3.3  Basic  Benefit  Assessment  Techniques 

The  benefit  assessment  methods  presented  here  are  based  on  the  following  assumption 

WE  ASSUME  THAT  the  ratio  of  (prevented  plus  not  prevented)  potentially  preventable 
fatalities  to  nonpreventable  fatalities  for  complying  boats  Is  the  same  as  the 
ratio  of  potentially  preventable  fatalities  to  nonpreventable  fatalities  for 
noncomplying  boats. 

Expressed  in  terms  of  the  Benefit  Assessment  Diagram  variables,*  this  assumption 
is  equivalent  to 


*-±JL  = I 
u v 

or  equivalently. 


(1) 


We  justify  this  assumption  by  noting  that  If  compliance  with  the  regulation 
actually  affects  only  the  potentially  preventable  class  of  fatalities  by  reduc- 
ing them  by  x,  then  by  adding  back  In  these  x fatalities  the  fact  of  compliance 
or  noncompliance  should  not  affect  the  odds  of  a boater  being  in  a theoretically 
preventable  fatality  situation  versus  being  in  a nonpreventable  fatality  situation. 
We  also  assume  that  u,  v and  z are  all  positive  and  that  x+y  is  positive. 


* For  reasons  of  notational  simplicity,  the  same  variables  are  used  to  represent 
sample  values  and  corresponding  (unknown)  population  parameter  values.  The 
context  in  which  variables  occur  should  make  it  clear  which  is  meant. 


Now,  many  regulations  are  such  that  some  boats  and  boaters  satisfied  the  provisions 
of  the  regulations  before  they  became  law.  For  the  sake  of  brevity,  we  shall  say 
that  these  boats  and  boaters  were  in  compliance  with  the  regulation,  when  we  really 
mean  that  they  satisfied  conditions  which  became  the  provisions  of  the  regulation. 

The  first  step  in  assessing  the  effectiveness  of  a regulation  is  to  determine  if 
compliance  with  it  appears  to  have  an  effect  on  fatality  or  accident  frequencies. 
This  may  be  done  by  statistically  testing  the  (null)  hypothesis  that  compliance 
with  the  regulation  has  no  effect  on  the  occurrence  of  fatalities  against  the 
alternative  hypothesis  that  compliance  does  have  an  effect.  This  test  may  be 
made  by  performing  a Chi-square  test  on  the  contingency  table 


y u 

y + u 

z V 

z + V 

y + z u + v 

y + z + u + v 

(For  small  frequencies,  a Fisher  Exact  Test  may  be  used  instead.) 

To  illustrate  this,  we  use  as  an  example  data  related  to  a regulation  concerning 
the  powering  of  boats  under  20  ft  (6.1  m)  in  length  which  became  law  August  1, 

1972.  In  effect,  this  regulation  required  manufacturers  to  label  certain  boats 
with  maximum  horsepower  ratings  for  outboard  motors  used  on  the  boats.  There  was, 
however,  no  federal  requirement  that  boat  owners  or  dealers  restrict  horsepowers 
to  these  limits  (although  some  states  enacted  such  requirements).* 

The  data  used  in  this  and  other  examples  related  to  the  powering  regulation  were 
derived  from  a data  base  developed  in  another  research  project,  A Study  to  Determine 
the  Need  for  a Standard  Limiting  the  Horsepower  of  Recreational  Boats  (Contract 
No.  D0T-CG-62655-A) , Reference  VI 1-8.  The  data  base  was  developed  by  analyzing  1975 
and  1976  accident  reports  and  classifying  accidents  as  powering  related  (potentially 
preventable)  or  not  powering  related  (nonpreventable) . That  is,  as  accidents  which 
were  wholly  or  partially  caused  by  the  powering  of  a boat  or  were  not  so  caused. 

In  each  case,  an  estimate  of  the  ratio  of  a boat's  actual  horsepower  to  its 


* Appendix  VII-A  presents  the  detailed  provisions  of  this  regulation. 
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maximum  rated  horsepower  was  made.  Boat  with  powering  ratios  less  than  or  equal 
to  one  were  in  compliance  with  the  regulation,  others  were  not. 

The  fatality  data  for  powering  and  nonpowering  accidents  involving  boats  of  the 
type  and  size  covered  by  the  regulation  and  of  all  ages  are  presented  in  the 
following  Benefit  Assessment  Diagram.  Included  are  fatalities  occurring  in  acci- 
dents involving  boats  manufactured  both  before  and  after  the  regulation  went  into 
effect. 
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The  corresponding  contingency  table  used  in  testing  whether  powering  related  and 
nonpowering  related  fatalities  are  distributed  differently  for  complying  and 
noncomplying  boats  is 


56 

79 

135 

35 

23 

58 

91 

102 

193 

The  value  of  the  (continuity  - corrected)  Chi-square  statistic  for  this  table  is 
x2  * 5.06  which  is  significant  at  the  5%  level  (P  * 0.02*).  Thus,  we  feel  confident 
in  stating  that  compliance  does  have  an  effect  on  the  number  of  powering  related 
fatalities. 

An  alternative,  although  not  precisely  equivalent,  test  involves  testing  the 

difference  between  the  proportions  p * — * - and  p * — -7— , which  are  easily 

1 y -*■  z 2 u T v 

*For  each  test  statistic,  the  P-value  given  is  the  corresponding  tail  probability 
(significance  level). 


derived  from  the  above  contingency  table  of  fatalities.  We  test  the  statistic 

p.  - p2 


pq  (■!•  + ) 

vn  n ' 
l 2 


where  p = * — 57-^  , q * 1 - p,  n a y + z and  n = u + v. 

12  1 2 

Under  the  null  hypothesis  that  p^  * p , and  with  a reasonably  large  sample  size 
this  statistic  has  approximately  a standard  normal  distribution.  In  terms  of  Z, 
the  null  hypothesis  Is  Z * 0,  while  the  alternative  can  be  taken  to  be  Z < 0, 
for  a one- tall  test,  or  Z f 0 for  a two- tail  test. 

For  the  powering  data,  we  chose  a one-tail  test,  for  the  regulation  should  not 

have  caused  fatalities  and,  thus,  should  have  resulted  in  p <p  .*  We  obtain, 

1 2 

z . 0.6154  - 0.7745 

/{0.6995)(0.3005)(^-+ 

- -2.41  (P  = 0.01) 

With  this  Z-value  we  reject  the  hypothesis  that  p « p In  favor  of  the  hypothe- 

12 

sis  that  p^  < p^.  with  the  Chi-square  test,  we  have  strong  statistical 
evidence  that  compliance  has  an  effect  on  powering  related  fatalities.  In  particular 
this  test  indicates  that  proportionally  fewer  complying  boats  are  involved  in  power- 
ing related  fatalities  than  are  Involved  in  nonpowering  fatalities.  This  is  equiva- 
lent to  stating  that  proportionally  fewer  powering  related  fatalities  occur  with 
complying  boats  than  with  noncomplying  boats. 


*It  should  be  noted  that  the  preceding  Chi-square  test  may  also  be  used  as  a one- 
tailed  test  by  merely  checking  that  p <p  and  referring  the  obtained  Chi-square 

1 2 

value  to  a significance  level  double  the  value  used  for  a two-tailed  test.  Thus, 
for  a 5%  significance  level,  a Chi-square  value  of  2.71  is  needed. 
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Invoking  the  assumption  made  at  the  beginning  of  5.3,  these  tests  indicate  that  it 
is  quite  unlikely  that  the  value  of  x in  the  Benefit  Assessment  Diagram  equals  or 
nearly  equals  0.  In  fact,  using  the  equation 

x + y u. 
z v ’ 

the  most  likely  value  for  x is 

x = - y = 64  fatalities. 

We  take  this  to  be  the  expected  number  of  fatalities  prevented  by  compliance  with 
the  regulation  corresponding  to  a powering  related  fatality  sample  of  the  size  we 
used.  (The  nonpowering  sample  size  is  less  important  as  the  ratio  of  u to  v sho^d 
remain  relatively  constant.)  Had  our  sample  of  powering  related  fatalities  been 
twice  as  large,  the  value  of  x obtained  would  also  have  been  twice  as  large.  It  is, 
therefore,  clear  that  we  are  not  so  much  interested  in  an  absolute  value  of  x cor- 
responding to  a particular  sample  size,  but  rather  are  interested  in  the  size  of  x 
relative  to  the  sample  size.  A ratio  which  relates  x to  a corresponding  fatality 
sample  size  may  be  thought  of  as  a measure  of  effectiveness  of  the  regulation. 

3.4  Measures  of  Effectiveness 

We  are  interested  in  two  measures  of  the  effectiveness  of  a regulation.  One 
measure,  e,  is  the  effectiveness  of  the  provisions  of  a regulation  in  prevent- 
ing (potentially  preventable)  fatalities  (or  accidents  or  injuries)  when  the 
regulation  is  complied  with.  In  terms  of  Benefit  Assessment  Diagram  variables, 


A second  measure  of  effectiveness,  E,  also  takes  Into  account  the  rate  of  com- 
pliance with  a regulation.  In  terms  of  the  variables, 

E ■ . 

L x + y + z 

The  value  E may  be  used  to  obtain  the  total  number  x*  of  lives  saved  during  a 
period  if  the  total  number  y*+z*  of  lives  not  saved  during  the  period  Is  known 
and  the  value  E applies  to  the  period.  The  equation  is 
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* = E(y*+z*) 

l-E 


As  our  sample  of  powering  fatalities  is  actually  all  those  which  occurred  in  1975 
or  1976  we  estimate  that  x*  = 64  lives  were  saved  by  compliance  during  these  two 
years. 


For  the  powering  related  fatality  data  above. 


64 


e = = °-53 


and 


E = 


64 


64  + 56  + 35  = 0,41 


These  values  indicate  that  powering  related  fatalities  were  reduced  by  53%  in 
accidents  involving  complying  boats  and  were  reduced  by  41%  in  accidents  involving 
all  boats  covered  by  the  regulation.  Note  that  for  the  powering  data, 


E(y*+z*)  (0.41 ) (91 ) 

l-E  1-0.41 


63  which  agrees  with  the  previously  derived 


value  of  64  except  for  the  effects  of  rounding  error. 


The  quantities  E and  e may  also  be  obtained  from  the  proportions  p and  p^  in  the 
contingency  table  of  fatalities.  As  shown  in  Appendix  VII-B, 


and 


V\  q2 

E ' T-nr" ' - r 

I 1 


p - p p q 

2 l £ 12 

6 "p  (1-P  ) = P~  ~ 1 P "q  ’ 

2)2  21 


where  q * 1 - p and  q = 1 - p . 

1 12  2 


These  expressions  for  E and  e make  it  easy  to  show  that  the  two  statistical  tests 
(Chi-square  and  difference  in  proportions)  described  above  are  actually  tests  of 
the  null  hypotheses  E = 0 and  e = 0 against  the  respective  alternatives  E f 0 and 
e t 0,  for  two-tailed  tests,  and  E>0  and  e > 0,  for  one-tail  tests.  To  see  this, 

first  note  that  the  above  statistical  tests  test  the  null  hypothesis  p = p . 

1 2 
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q q 

2 2 

This  hypothesis  is  equivalent  to  q = q , to  — = 1 and  thus  to  E = 1 =0. 

i 2 q q 

i l 

Since  e = |—  , the  hypothesis  p = p is  also  equivalent  to  the  hypothesis  e = 0. 
Equivalences  among  the  alternative  hypotheses  may  be  similarly  demonstrated. 

The  above  analysis  made  use  of  data  on  boats  of  all  ages  which  were  of  the  type  and 
size  covered  by  the  regulation  and  which  were  involved  in  accidents  in  1975  or  1976. 
We  do  not  have  relevant  data  on  accidents  which  occurred  prior  to  the  regulation 
becoming  law,  but  we  can  make  a comparison  for  boats  built  after  the  regulation 
became  effective  with  boats  built  before  it  went  into  effect.  The  regulation 
became  effective  August  1,  1972,  but  there  was  some  anticipatory  compliance  with 
it.  Also,  it  was  not  possible  to  tell  from  an  accident  report  precisely  when  in 
1972  a boat  was  manufactured.  Consequently,  we  have  excluded  boats  built  in  1972 
from  the  following  analyses. 

The  contingency  tables  of  sampled  fatalities  for  pre-1972  and  post-1972  boats  are 


y‘  « 26 

u*  = 47 

73 

y"  = 20 

u"  = 24 

44 

z'  = 20 

v 1 = 10 

30 

z"  = 14 

v"  = 10 

24 

n‘  = 46 

1 

n‘  = 57 

2 

103 

n"  * 34 

l 

n"  = 34 

2 

68 

The  (continuity  corrected)  Chi-square  and  effectiveness  measures  for  these  tables 
are  x2'  = 7.09  (P  = 0.01),  E'  = 0.60,  e'  = 0.72 

and  x2"  = 0.58  (P  = 0.45),  E"  = 0.29,  e"  = 0.40. 

The  Chi-square  value  for  pre-1972  boats  is  clearly  significant  at  the  5%  level 
while  the  value  for  post-1972  boats  is  not.  Further,  the  effectiveness  measures 
for  post-1972  boats  are  much  smaller  than  those  for  pre-1972  boats,  indicating 
that  the  provisions  of  the  regulation  may  have  become  less  effective  in  preventing 
fatalities  once  the  regulation  became  law.  Indeed  the  Chi-square  values  indicate 
that  while  we  are  confident  that  E ' > 0 and  e'  >0,  it  may  well  be  that  E"  = 0 and 
e"  = 0. 
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There  are  a number  of  possible  explanations  for  this.  Boat  manufacturers  may  have 
circumvented  the  intent  of  the  regulation  by  modifying  hull  shapes,  or  outboard 
motor  manufacturers  may  have  changed  the  method  used  to  rate  the  horsepower  of 
their  motors  These  possibilities  could  have  resulted  in  numerous  post-1972  boats 
being  in  technical  compliance  with  the  regulation  while  actually  not  satisfying 
its  intent.  Another  possibility  is  that,  as  a result  of  the  introduction  and 
advertising  of  more  powerful  motors,  post- 1972  boats  which  were  in  compliance 
were  more  likely  to  be  just  within  the  compliance  limits  than  were  pre-1972  boats. 
Reference  VI 1-8  provides  more  details  on  these  and  other  possibilities. 

Of  course,  it  is  possible  that  the  sizes  of  the  samples  used  in  deriving  the  values 
of  E',  E",  e'  and  e”  are  sufficiently  small  that  the  differences  in  these  values  are 
not  statistically  significant.  To  check  this  possibility,  statistical  tests  of  the 
null  hypotheses  E'  = E"  and  e1  = e"  against  the  respective  alternatives  E‘  f E" 
and  e'  f e"  are  needed.  Initially,  a precise,  but  complex  and  difficult  to  use 
test  of  e'  = e"  against  e'  ^ e"  was  developed  by  statistical  consultants.  We  were 
later  able  to  develop  a much  simpler,  approximate  test  which  yields  results  similar 
to  those  of  the  complex,  precise  test.  We  also  derived  a rough  test  of  E'  = E" 
against  E'  t E". 


We  first  describe  and  illustrate  the  test  for  e'  = e".  The  details  of  the  deriva- 
tion of  this  test  may  be  found  in  Appendix  VII-C. 

To  test  the  null  hypothesis  e'  = e"  against  the  alternative  e'  t e",  refer  the 
following  statistic,  d*,  to  a table  of  the  standard  normal  distribution: 


d* 


,../y,v,u"z,\ 

l09(yVVZ'l  ‘ 


V y*4,+Jf 


+ — , 4*— „ +*— 1 fi*,. 
v y z u 


r 

v" 


The  null  hypothesis  is  rejected  at  the  significance  level  a if  the  upper  tail 
probability  of  the  standard  normal  distribution  above  the  value  Z * |d*|  is  greater 

than  j .* 


♦Note  that  all  logarithms  are  natural  logarithms. 
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For  the  data  in  the  contingency  tables  of  sampled  fatalities  for  pre-1972  and 
post- 1972  boats  we  have 


L.+  1 + 1 + 1 +'  1 + * + 1 + 1 

^•  + ^ + ^7  + TO  + 50  + 14  + 24  + T0 

The  upper  tail  probability  value  for  |d*|  = 1.08  is  0.14  which  indicates  that  we 
cannot  reject,  at  the  5%  level,  the  possibility  that  e'  = e". 

A rough  test  of  the  hypothesis  E1  = E"  is  also  possible.  Such  a test  is  derived 
in  Appendix  VII-D.  In  effect,  it  stated  that  under  reasonable  assumptions  E'  = E" 
may  be  tested  by  referring  the  following  statistic,  0*,  to  a table  of  the  standard 
normal  distribution: 


0*  = 


q'  q"  - q"  q‘ 
2 1 2 1 


/ [uy  + n'  v- 

((n1  n")3  2 

\ 2 1 


r + n"z"u'  ] + — v'--1 — [u"y*  + n"v"y'  + n'zvA  1/2 


(n"  n'  )3 
2 1 


) 


For  our  data  the  value  of  D*  is 


D*  - 


,10.  ,14.  ,10.  ,20. 

(57>  [W  ' 3T  W 


(rlSiliSjl3  C(47)(20)  * (57)(10)(20)  ♦ (34)(14)(47)]  + [(24)(26)  ♦ (34)(10)(26)  ♦ (46)(20)(24)]) 

, -0.0556 

(0.000668  + 0.001649)1/2 

= -1.16  (P  - 0.25) 


1/2 


Thus,  this  rough  test  indicates  that  we  cannot  reject,  at  the  5%  level,  the  pos- 
sibility that  E'  = E". 

The  results  of  the  preceding  two  tests  indicate  that  the  effectiveness  of  the  pro- 
visions of  the  regulation  may  actually  not  have  changed  after  the  regulation  became 
law.  The  lesser  values  of  the  effectiveness  measures  for  boats  built  after  1972, 
however,  leads  us  to  conclude  that  the  enactment  of  the  regulation  certainly  had  no 
“'significant  effect  toward  further  reducing  powering  related  fatalities. 


Two  other  conditions  can  be  checked  from  data  in  the  pre-1972  and  post-1972  tables. 
There  is  the  possibility  that  powering  related  fatalities  were  more  likely  to  occur 
with  post-1972  boats  than  with  pre-1972  boats.  We  may  test  for  this  possibility 
by  comparing  the  frequencies  of  powering  and  nonpowering  fatalities  for  noncomply- 
ing pre-  and  post-1972  boats.  The  appropriate  table  is 


IN 

II 

ro 

o 

< 

II 

o 

30 

Z"  = 14 

v"  = 10 

24 

34 

20 

54 

The  continuity-corrected  Chi-square  value  for  this  table  is  0.12.  As  the  upper 
tail  probability  corresponding  to  this  value  is  nearly  0.75,  we  feel  confident  in 
deducing  that  there  was  little  or  no  difference  in  the  ratio  of  powering  to  nonpow- 
ering fatalities  for  pre-1972  and  post-1972  noncomplying  boats.  (If  there  were  a 
significant  difference,  the  Chi-square  value  almost  certainly  would  have  been  much 
larger. ) 

Finally,  we  compare  the  fatality  ratios  of  complying  to  noncomplying  pre-  and 
post-1972  boats.  We  do  this  by  restricting  our  attention  to  nonpowering  fatalities 
which  should  not  be  biased  by  any  change  in  the  effectiveness  of  the  provisions  of 
the  regulation.  The  appropriate  table  is 


u 1 = 47 

u"  = 24 

71 

O 

II 

> 

<_ 

II 

o 

20 

57 

34 

91 

The  continuity  corrected  Chi-square  value  for  this  table  is  1.13  (P  = 0.29),  indicat- 
ing that  there  may  have  been  no  change  in  the  ratio  of  complying  to  noncomplying  boats 
as  a result  of  the  enactment  of  the  regulation.  Also,  as  ^-r  > ^rr  , the  enactment 
of  the  regulation  certainly  does  not  seem  to  have  increased  compliance. 
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3.5  Example:  Powering  Related  Accidents 


The  previous  analyses  were  applied  to  powering  and  nonpowering  related  fatality 
data.  The  same  methods  may  also  be  applied  to  powering  and  nonpowering  accident 
data,  including  both  fatal  and  nonfatal  accidents.  The  reader  should  be  aware, 
however,  that  whereas  virtually  all  fatalities  are  reported,  only  a fraction  of 
all  boating  accidents  are  reported.  As  a result,  the  Coast  Guard  accident  data 
base  from  which  the  powering  and  nonpowering  accident  samples  were  drawn  contains 
biases.  In  particular,  this  means  that  there  may  be  variations  in  accident  report- 
ing rates  for  the  various  categorizations  used  with  our  data  which  would  invalidate 
the  analyses  presented  below. 

As  these  analyses  follow  precisely  the  same  pattern  as  the  analyses  of  the  fatality 
data,  they  shall  be  presented  with  a minimum  of  explanatory  verbage. 

The  contingency  table  for  all  sampled  accidents  involving  boats  of  the  type  and 
size  covered  by  the  regulation  is 


y = 135 

u = 140 

275 

z = 69 

v = 43 

112 

204 

183 

387 

The  continuity-corrected  Chi-square  value  and  effectiveness  measures  derived  from 
this  table  are 

X2  = 4.51  (P  = 0.03), 


and 


E = 1- 


(«_) 

183' 

W) 

'204' 


0.31 


0.3053 

(140) 

[183' 


0.40 


Together,  these  values  indicate  that  the  provisions  of  the  regulation  have  an  effect 
in  reducing  powering  related  accidents. 


The  corresponding  statistical  values  are 


x2'=  3.22  (F  = 0.04,  one  tail  test)  x2"  = 1.12  (P  = 0.14,  one  tail  test) 


(703) 

E'  = 1-  = 0.36 

--1 

108 


E"  * I"  —26T  = °-28 

W2' 


e'  = = 0.46 

(—) 

(103J 


e"  = °‘?y3--  = 0.38 


For  pre-1972  data  the  Chi-square  value  is  significant  at  the  5%  level  for  a one 
tail  test,  so  we  deduce  that  E'  >0  and  e'  >0.  The  post-1972  data  does  not  give  us 
sufficient  reason  to  believe  E"  > 0 or  e"  > 0. 

To  test  e'  = e"  against  e'  f e",  we  check  the  value  of  the  statistic  d*: 


L-4.1  +1  4.1  J.1  4.1  J.1  J.1 

7I  + 36  + 8T  + 2?+45-  + 2?-  + ?3  + TT 


= -0.026 


This  value  is  so  small  that  we  conclude  that  there  is  little  or  no  difference 
between  e'  and  e". 
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Referring  this  value  to  a standard  normal  distribution  we  see  that  there  is  no 
reason  to  reject  the  possibility  that  E'  = E". 


Testing  the  data  on  noncomplying  boats  in  powering  and  nonpowering  accidents,  we 
use  the  table 


ISI 

II 

CJ 

Ch 

v'  = 22 

58 

N 

II 

cn 

<_ 

II 

cn 

41 

62 

37 

99 

The  continuity  corrected  Chi-square  value  for  this  table  is  0.0056  (P  = 0.94),  indi- 
cating that,  except  for  the  fact  of  compliance,  there  is  little  or  no  difference  in  the 
ratio  of  powering  to  nonpowering  accidents  for  pre-1972  and  post-1972  accidents. 


To  ascertain  if  there  are  any  pre-1972  vs.  post-1972  changes  in  compliance  rates 
we  use  a table  of  nonpowering  accident  data: 


The  continuity  corrected  Chi-square  value  of  0.21  (P  = 0.65)  gives  us  no  reason  to 
believe  there  was  a significant  change  in  compliance  as  a result  of  the  regulation. 
Indeed,  it  should  be  noted  that  the  ratios  ^ and  for  pre-1972  and  post-1972  boats 
indicate  that  if  there  were  any  change  it  would  be  in  the  direction  of  lesser 
compliance. 
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The  results  we  have  obtained  from  the  powering  and  nonpowering  accident  data  lead 
us  to  the  same  conclusions  as  did  the  fatality  data.  A comparison  of  the  values 
also  indicates  that  the  provisions  of  the  powering  regulation  were  probably  more 
effective  at  preventing  fatalities  than  at  preventing  accidents.  This  is  most 
likely  for  pre-1972  boats.  The  fatality  and  accident  effectiveness  values  for 
post-1972  boats  were  virtually  identical. 

The  results  of  our  analyses  indicate  that  compliance  with  the  provisions  of  the 
regulation  does  result  in  a reduction  in  powering  related  fatalities  and  accidents, 
but  these  provisions  becoming  law  in  the  form  of  a regulation  did  not  result  in 
increased  effectiveness  and,  indeed,  the  reverse  might  have  occurred.  These  con- 
clusions are  essentially  the  same  as  those  arrived  at  in  Reference  VI 1-7 , which  used 
the  same  data  base,  but  different  analysis  methods.  There  is  one  way  in  which  the 
regulation  may  have  hed  a positive  effect.  It  may  have  slowed  a trend  toward 
greater  noncompliance. 

3.6  Some  Generalizations  of  the  Preceding  Methods 

In  the  following  pages,  we  present  generalizations  of  some  of  the  methods  presented 
in  Section  3.4.  The  generalizations  are  of  two  forms:  First,  generalizing  the 
test  e s 0 vs.  e > 0 to  a test  of  e = b vs.  e > b where  CKb<l.  Secondly,  a generaliza- 
tion of  the  basic  assumption  used  in  the  Benefit  Assessment  Diagram  method.  The 
mathematical  and  statistical  basis  for  the  methods  presented  here  are  contained  in 
Appendices  VII-Eand  VII-F. 

3.6.1  A Test  of  e=b  vs.  e>b 

We  continue  with  our  assumption  that,  for  the  variable  in  the  Benefit  Assessment 
Diagram,  ^ . 

Using  the  results  in  Appendix  VII-F-1,  and  setting  a=l,  we  have  the  following  test: 

To  test  the  null  hypothesis  e=b  against  the  alternative  hypothesis  e>b,  where 
0<b<l,  refer  the  statistic 


VI 1-53 


to  a table  of  the  standard  normal  distribution  and  reject  the  null  hypothesis  if 
the  upper  tail  probability  corresponding  to  h*  is  less  than  the  prespecified 
significance  level.* 

Note  that  this  is  also  a test  of  the  null  hypothesis  e<b  against  the  alternative 
e>b. 

To  illustrate  this  test  we  use  the  (overall)  data  for  powering  related  and  non- 
powering related  fatalities: 


y = 56 

u = 79 

135 

z = 35 

CO 

C\J 

II 

> 

58 

91 

102 

193 

Let  us  test  the  hypothesis  e = 0.3  ( e <_0 . 3 ) against  the  alternative  e>0.3  at  the 
5%  significance  level.  The  value  of  the  test  statistic  h*  is 

...  wHair11) 

A / 1 . 1 . 1 . 1 

V 56  3F  + 79  +I3 

The  upper  tail  probability  corresponding  to  this  value  is  p = 0.90  so  we  cannot 
reject,  at  the  5%  level,  the  possibility  that  e=0.3  (or  the  possibility  that 
e<0.3)  in  favor  of  the  possibility  that  eKJ.S. 

The  above  test  is  based  on  certain  normality  assumptions  (see  Appendix  VI I-F) . 

It  was  checked  by  applying  it  in  several  examples  in  which  it  gave  reasonable 
results.  A tentative  test  for  the  null  hypothesis  E*b  against  the  alternative 
E>b  was  developed  using  other  normality  assumptions.  When  checked  in  example 
calculations  unreasonable  results  were  obtained,  indicating  that  the  assumptions 
made  in  deriving  it  were  unjustified  and  that  the  test  was  not  valid. 


* Note  that  all  logarithms  are  natural  logarithms. 
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3.6.2  Generalizing  the  Basic  Benefit  Assessment  Diagram  Assumption- 
Hypothesis  Tests  and  Confidence  Intervals 


In  the  preceding  pages  the  basic  assumption  used  in  developing  the  methodology  was 

x+y  _ £ 
z v ' 

We  now  relax  this  assumption  and  merely  assume  that  x+y,  z,  u and  v are  all  positi 
Then,  there  is  some  positive  number  a such  that 

As  before  we  can  define  effectiveness  measures  e,  and  E.  where  the  subscript  "a" 

g 3 

indicates  that  these  measures  are  defined  under  the  relaxed  assumptions.  Note 
that,  as  shown  in  Appendix  VII-E, 


x+y  auz 


and 


P = * _ auz-vy 

ca  “ x+y+z  " auz-vz  ' 

The  first  statistical  test  we  present  under  the  relaxed  assumptions  is  that  of 
e =b  vs  e >b.  Note  that,  as  before,  this  is  the  same  as  a test  of  e <b  vs. 

a a 3 — 

ea>b.  The  derivation  of  this  test  may  be  found  in  Appendix  VII-F-1. 


To  test  the  null  hypothesis  e =b  against  the  alternative  hypothesis  e >b,  where 

a d 

0< b<l,  refer  the  statistic 


to  a table  of  the  standard  normal  distribution  and  reject  the  null  hypothesis  if 
the  upper  tail  probability  corresponding  to  h*  is  less  than  the  prespecified 
significance  level.* 

* Note  that  all  logarithms  are  natural  logarithms. 


Comparing  this  test  with  the  one  given  above  in  Section  3.6.1  we  see  that  it  is 
identical  to  the  former  test  except  for  the  inclusion  of  the  factor  "a"  in  the 
numerator. 

An  attempt  was  made  to  derive  a test  of  the  null  hypothesis  E =b  against  the 

a 

alternative  E >b.  It  was  found,  however,  that  the  expressions  involved  were  too 

a 

complex  for  any  reasonably  simple  test  to  be  derived.  Nevertheless  in  the  special 
case  of  b=0,  it  was  shown  (see  Appendix  VII-F-2)  that  the  test  for  e =0  vs.  e >0 

a a 

could  be  used.  Me  thus  have: 

To  test  the  null  hypothesis  E =0  (or  e =0)  against  the  alternative  E >0  (e  >0), 

a a a a 

refer  to  the  statistic 


to  a table  of  the  standard  normal  distribution  and  reject  the  null  hypotheseis  if 
the  upper  tail  probability  corresponding  to  h*  is  less  than  the  prespecified  signi- 
ficance level. 

The  above  tests  require  that  a value  of  a be  specified.  Other  than  assuming  a=l , 
which  was  done  for  most  of  the  Benefit  Assessment  Diagram  methods,  there  normally 
will  be  no  good  justification  for  assuming  a particular  value  of  a.  Thus,  the 
above  tests  involving  e.  and  E.  will  often  not  be  directly  applicable.  However, 

a a 

they  can  be  used  in  the  following  two  ways: 

i)  A minimum  value,  a , of  a can  be  chosen  based  on  the  analyst's  judqment 

o 

of  what  each  a value  might  be.  This  value  can  be  used  in  the  tests  and 
if  it  is  determined  that  e.  >b  or  E,  >0,  then  it  will  follow  that  e >b 

aa  a 

o o 

or  E >0  for  any  other  reasonable  value  of  a ( i . e . , any  value  of  a>a  ). 
a o 
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ii)  A rejection  interval  for  values  of  a which  yield  e >b  or  E>  0 at  a 

a a 

specified  significance  level  can  be  derived  from  the  statistic  h*. 

We  shall  illustrate  (i)  with  an  example  and  shall  derive  equations  and  present 
examples  for  (ii). 

As  an  example  of  (i),  suppose  that  for  the  fatality  data  for  powering  related  and 
nonpowering  related  accidents  an  analyst  feels  certain  that  the  minimum  possible 

value  for  a in  = a(^)  is  0.8.  He  wishes  to  determine  if,  at  the  10%  signifi- 

cance level,  the  hypothesis  E =0  can  be  rejected  in  favor  of  E >0.  The  value  of 

a a 

the  statistic  h*  is 


The  upper  tail  probability  in  the  standard  normal  distribution  corresponding  to 
this  value  is  0.05.  Thus,  for  the  selected  minimum  value  a = 0.8  and  for  any 
larger  value  of  a,  the  hypothesis  E=0  may  be  rejected  in  favor  of  the  hypothesis 
E >0. 

a 

To  develop  a rejection  interval  for  a,  let  a be  a specified  significance  level  and 
let  h^  be  that  value  above  which  the  upper  tail  probability  of  the  normal  distri- 
bution is  a (e.g.,  for  a=0.05,  ha=1.65). 

To  reject  the  hypothesis  e =b  in  favor  of  the  alternative  e >b,  the  statistic  h* 

a a 

must  satisfy  h*>ha,  or  equivalently. 
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We  solve  this  inequality  for  a,  letting 


s = \/  — + — + — + — 
V y z u v 


to  simplify  notation: 


> h s 
a 


(has) 

> e 


(h  s) 
yv  a 

a > UiTTb]**  * 


(h  s) 


Thus,  for  any  value  of  a in  the  interval  (uz^f_b~y  e a » °°)  *»  where 


_ /]_  + ]_  + 1 + 1 , the  hypothesis  e =b  will  be  rejected  in  favor  of  the 

' Vy  z u v a 

hypothesis  e >b  at  the  significance  level  a. 

a 


Similarily,  for  any  value  of  a in  the  interval 


yv  (has>  \ 
^ e a , » * 
uz  ’ / 


the  hypothesis  E =0  will  be  rejected  in  favor  of  the  hypothesis  E >0  at  the  signifi- 

a fl 

cance  level  a. 

For  instance,  using  the  same  fatality  data,  for  a value  of  b=0.1  and  a significance 

level  of  5%,  we  have  h =-1.65, 

a 


. _ /1.1.1.1  = 0.3203,  and  a rejection  interval  of 


56  35  79  23 


(56) (23)  0 .65) (0. 3203) 

^9) (35) (t-0. 1 ) * 


= (0.88,oo). 


* e = 2.71828 
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Thus,  unless  one  feels  certain  that  the  value  of  a in  = a(y)  is  greater  than 

0.88,  one  cannot  reject,  at  the  5%  level,  the  hypothesis  e >0.1  in  favor  of 

d 

e=0.1  (or  e <0.1). 

a a 

Finally,  we  consider  the  case  of  testing  the  hypothesis  e'=e"  against  e'^e",  where 

da  d d 

e'  and  e"  are  effectiveness  measures  analogous  to  e'  and  e" , but  considered  under 

d d 

X*  U*  x"  u" 

the  more  general  conditions  of  yrpr  = a(p-)  and  yrqpr  s a(p-)-  It  can  be  shown 

(see  Appendix  VI I -F-3)  that  if  the  same  value  of  a applies  to  both  e'  and  e",  then 

e'  = e"  vs.  e',  t e"  may  be  tested  by  using  a test  for  e'  = e"  vs.  e'  t e",  such  as  / 

d d £ d 

is  given  in  Section  3.4  or  Appendix  VI I -C. 
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4.0  SOURCES  OF  INVALIDITY  AND  A COMPARISON  OF  METHODS 

4.1  Introduction 

In  this  section,  we  describe  recognized  sources  of  invalidity  which  might  affect 
analyses  of  regulatory  or  program  benefits.  We  then  compare  the  advantages  and 
disadvantages  of  the  intervention  analysis  method  with  the  Benefit  Assessment 
Diagram  methods. 

4.2  Possible  Sources  of  Assessment  Invalidity 

A number  of  factors  are  recognized  (References  VII-4,  9)  as  having  the  potential 
for  causing  a benefit  assessment  or  evaluation  to  be  invalid.  We  list  10  of  these 
and  suggest  means  by  which  their  effects  can  be  minimized.  For  consistency  we 
have  retained  the  names  given  these  factors  in  the  references,  although  in  our 
context  some  of  these  names  are  not  truly  descriptive  - they  refer  more  to  psycho- 
logical testing. 

Instrumentation  refers  to  the  possibility  that  the  means  of  measuring  data  used  in 
the  analysis  may  have  been  consciously  or  unconsciously  changed,  especially  at  or 
about  the  time  the  regulation  or  program  was  introduced.  Thus,  the  results  of  a 
change  in  accident  coding,  defining  "chargable"  fatalities,  etc.  may  be  mistakenly 
attributed  to  the  safety  effect  of  a regulation.  Perhaps  the  best  way  of  guarding 
against  this  is  to  review  the  data  at  the  time  the  evaluation  is  to  be  performed. 

A random  sample  over  time  of  accident  codings  can  be  compared  with  the  original 
reports,  and  tests  of  uniformity  made.  Benefit  Assessment  Diagram  methods  which 
make  use  of  single  period  data  shculd  not  be  affected  by  this  problem.  Irregular 
changes  in  data  measurements  may  also  be  considered  a source  of  instrumentation 
caused  invalidity. 

Testing  - The  mere  process  of  preparing  for  a regulation,  initiating  a data  col- 
lection system,  etc.,  may  have  a safety  effect.  This  effect  could  then  be  erroneously 
attributed  to  the  actual  regulation.  For  instance,  publicity  resulting  from  the 
preparation  of  a level  flotation  standard  might  result  in  boaters  becoming  more  safety 
conscious.  The  resultant  reduction  in  fatalities  might  then  be  mistakenly  attributed 
to  the  standard  itself  rather  than  to  the  broader,  standard  plus  publicity  combina- 
tion. This  possibility  may  be  minimized  by  using  a "control,"  comparing  benefit 
values  obtained  for  the  fatality  group  which  should  have  been  affected  by  the 
standard  with  values  obtained  for  the  control  group.  It  should  be  noted  that  the 
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use  of  "controls"  is  an  intrinsic  part  of  the  Benefit  Assessment  Diagram  methods. 
For  instance,  in  the  assessment  of  the  powering  regulation,  non-powering  related 
fatalities  act  as  a "control"  on  powering  related  fatalities.  Also  the  use  of 
supplementary  series,  as  described  in  Section  VI 1-2 . 4 was  an  attempt  at  using 
"controls"  (these  series)  in  this  sense,  albeit  the  results  were  not  fruitful. 

History  refers  to  the  possibility  of  a change  in  the  data  being  caused  by  a coinci- 
dental event  or  program  unrelated  to  the  regulation  being  studied.  This  change 
could  be  mistakenly  ascribed  to  the  regulation.  It  may  be  possible  to  minimize 
this  potential  source  of  invalidity  by  using  a "control"  (unaffected  by  the  regula- 
tion), fatality  time  series  and/or  tracking  the  extraneous  variables  which  might 
influence  the  data. 

Maturation  - Long  term  trends  might  mistakenly  be  taken  to  indicate  regulatory 
impact.  The  method  of  intervention  analysis  is  unlikely  to  be  affected  by  this 
and  Benefit  Assessment  Diagram  methods  dealing  with  a single  period  will  not  be 
affected  by  it.  Benefit  Assessment  Diagram  methods  comparing  two  periods  (e.g., 
pre-and  post-regulation  may  be  affected  by  maturation. 

Instability  refers  to  the  normal  stochastic  error  variation  in  any  data  which  is 
influenced  by  many  uncontrollable  factors.  Statistical  tests  of  significance 
which  are  part  of  the  intervention  analysis  methodology,  and  the  use  of  data  over 
many  periods  should  guard  against  mistaking  normal  data  variation  for  a program 
effect.  Statistical  tests  associated  with  Benefit  Assessment  Diagram  methods 
should  also  help  guard  against  statistical  variation  error. 

Reactive  Intervention  - If  a program  is  a direct  and  almost  simultaneous  "reaction" 
to  an  event  affecting  the  system,  then  a change  in  safety  caused  by  this  event  may 
be  mistakenly  ascribed  to  the  program.  Unlike  History,  it  may  be  very  difficult 
to  separate  the  effects  of  the  program  from  those  of  the  event  to  which  it  is  a 
reaction.  The  use  of  "control"  series  or  the  Benefit  Assessment  Diagram  methods 
may  offer  some  help  in  this  regard. 


Multiple  Intervention  Interference  occurs  when  more  than  one  intervention  occurs 
in  the  time  series  and  the  effects  of  later  interventions  are  dependent  on  pre- 
vious ones.  For  instance,  the  introduction  of  level  flotation  will  have  an 
interaction  with  PFD  use.  As  a consequence,  benefits  related  to  a combination  of 
both  interventions  could  be  incorrectly  ascribed  to  level  flotation  alone.  This 
problem  is  likely  to  be  a serious  source  of  difficulty  in  isolating  the  effects 
of  a single  regulation.  As  with  History,  it  may  be  possible  to  minimize  it  by 
tracking  data  on  more  than  one  group  or  subset  in  the  data  base.  (See  "Proxy 
Measures,"  in  Reference  VI I -9 , p.  75). 

Changes  in  Experimental  Unit  Composition  This  is  only  a problem  when  particular 
groups  are  being  tested  and  the  individuals  within  the  groups  may  change  over 
time.  Changes  in  boater  ages,  boat  sizes,  etc.,  over  time  may  be  considered  to 
be  factors  causing  maturation.  This  potential  source  of  invalidity  will  normally 
not  cause  a problem  with  the  methods  we've  presented. 

Regression  - If  a group  is  chosen  on  the  basis  of  an  unusually  good  or  poor  record 
it  can  be  expected  that  the  group  will  tend  to  become  closer  to  average  over  a 
period  of  time.  This  is  a statistical  effect  known  as  regression  (not  to  be  con- 
fused with  the  regression  of  one  variable  on  another).  This  usually  refers  to 
testing  individuals  or  groups  and  should  not  cause  problems  with  our  analysis 
methods  unless  a single,  unusual  year  is  used  as  a base  or  final  period  in  an 
analysis. 

Interaction  of  "Selection"  and  Other  Sources  of  Invalidity  - If,  as  described 
under  History,  fatalities  are  divided  into  more  than  one  group  and  are  separately 
tracked  and  analyzed,  then  it  is  possible  that  data  from  these  groups  may  be 
differently  affected  by  any  of  the  nine  preceding  sources  of  invalidity.  Analysts 
must  be  aware  of  this  possibility  when  making  comparisons  among  the  groups. 

Obviously,  many  of  the  above  sources  of  invalidity  are  closely  related  and  an  event 
may  result  in  more  than  one  of  them  being  present.  Awareness  of  them  does  suggest 
that  more  data  be  collected  than  might  otherwise  be. 


4.3  A Comparison  of  Methods 


The  choice  of  assessment  methods,  i.e.,  intervention  analysis  or  Benefit  Assessment 
Methods,  depends  upon: 

i)  The  type  of  data  available 

ii)  Whether  one  has  strong  conviction  in  the  truth  of  the  assumptions  upon 
which  the  Benefit  Assessment  Diagram  methods  are  based 

iii)  An  evaluation  of  potential  sources  of  invalidity  (see  above)  in  each 
method. 

Intervention  analysis  requires  monthly  fatality,  accident  or  injury  data  over  a 
period  of  years.  The  widths  of  the  benefit  estimate  confidence  intervals  depend 
upon  the  percent  of  "unknowns"  in  the  data  and  the  uniformity  and  care  with  which 
it  has  been  coded.  Depending  upon  the  available  data,  this  method  may  not  be  able 
to  completely  isolate  the  effects  of  a single  regulation  or  program. 

The  Benefit  Assessment  Diagram  methods  can  make  use  of  a smaller  data  base  of  single 
period  data.  A special  data  analysis/coding  effort  can  be  used  to  obtain  the  data 
needed  for  these  methods.  Such  special  effort  would  be  too  costly  to  use  for  inter- 
vention analysis  because  of  the  large  data  base  required. 

The  Benefit  Assessment  Diagram  methods  and  statistical  tests  are  only  valid  when 
the  assumptions  upon  which  they  are  based  hold  true.  The  statistical  methods  do 
not  account  for  errors  in  the  basic  assumptions.  Clearly,  these  methods  cannot 
be  used  if  x,  u or  v equals  zero  and  should  not  be  used  if  any  of  these  values  is 
nearly  zero. 

The  potential  sources  of  invalidity  in  these  methods  are  described  in  Section 
VI 1-4.2. 
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APPENDIX  VII-A.  RECREATIONAL  BOATING  INTERIM  SAFETY  STANDARDS 
FOR  SAFE  POWERING,  SAFE  LOADING  AND  BASIC  FLOTATION 

l.’.TSO  RULES  AND  REGULATIONS 


the  option  of  the  private  label  merchan- 
d’ser.  affix  a certification  label  identify- 
ing the  private  label  merchandiser  as  the 
manufacturer  before  the  boat  or  item  of 
associated  equipment  leaves  the  place  of 
manufacture. 

5 181.11  Exceptions  lo  lubeling  require- 
ment. 

' a > This  part  does  not  apply  to  boats 
or  associated  equipment  intended  solely 
tor  export,  and  so  labeled,  tagged,  or 
marked  on  the  boat  or  equipment  and  on 
the  outside  of  the  container,  if  any,  which 
is  exported. 

i b i If  an  item  of  associated  equipment 
is  so  small  that  a certification  label  that 
meets  the  requirements  in  1 181.15  can- 
not be  affixed  to  it,  a certification  label 
that  contains  the  Information  required 
by  1 181.15  may  be  printed  on  the  small- 
est container  in  which  the  item  is  packed 
or  on  a slip  packed  with  the  item. 

§ 181.13  Removal  of  labels. 

No  person  may  remove  a label  re- 
quired by  this  part  or  remove  or  alter  any 
information  on  a label  required  by  this 
part,  unless  authorized  by  the  Comman- 
dant. 

§181.13  Content*  of  labels. 

ia>  Each  label  required  by  1 181.7 
must  contain — 

( 1 ) The  name  and  address  of  the  man- 
ufacturer or  private  label  merchandiser 
who  certifies  that  the  boat  or  item  of 
associated  equipment  complies  with  the 
standards  prescribed  in  Part  183  of  this 
subchapter;  and 

• 2)  Except  as  provided  in  paragraph 
< c i of  this  section,  the  words — 

<i>  “This  (Insert  ‘‘Boat"  or  "Equip- 
ment”) Complies  With  U S.  Coast  Guard 
Safety  Standards  In  Effect  On  (insert 
date  of  certification  as  prescribed  in 
paragraph  (b)  of  this  section)";  or 
ill)  If  the  item  being  certified  is  a 
boat  or  boat  hull,  the  label  may  show 
the  words.  "This  Boat  Complies  With 
U.S.  Coast  Guard  Safety  Standards  In 
Effect  On  The  Date  of  Certification.” 

ib)  Date  of  certification  must  be  no 
earlier  than  the  date  on  which  construc- 
tion or  assembly  began  and  no  later  than 
the  date  on  which  the  boat  or  item  of 
associated  equipment  leaves  tire  place 
of  manufacture  or  assembly  or  import 
for  the  purposes  of  sale. 

'ci  If  a boat  displays  the  stability 
warning  label  required  by  I 183.23  of 
this  subchapter,  the  words  "Except  Load 
Capacity”  must  be  Inserted  after  the 
words  Safety  Standards”  and  before  In 
KSart  in  the  statement  prescribed  by 
nrasnit  a* '!)  of  this  section 

e twain  aa  pswwtded  la  paragraph 
d mae  tertian.  Ike  manufacturer 


not  satisfy  the  display  requirements  of 
S 181.29. 

§ 181.17  Label  numbers  and  letters. 

Letters  and  numbers  on  each  label 
must — 

<a>  Be  no  less  than  one-eighth  of  an 
inch  in  height;  and 

(b>  Contrast  with  the  basic  color  of 
the  label,  except  that  the  date  of  certifi- 
cation may  be  permanently  stamped, 
engraved,  or  embossed  on  the  label. 

§181.19  Construction  of  labels. 

(a)  Each  label  must  be  made  of  mate- 
rial that  can  withstand  exposure  to 
water,  oil,  salt  spray,  direct  sunlight, 
heat,  cold,  and  wear  expected  in  normal 
use  of  the  boat  or  item  of  associated 
equipment  without  deterioration  of 
legibility. 

(b)  Each  label  must  be  made  of  mate- 
rial that  shows  visible  traces  of  the  alter- 
ation or  removal  of  Information  on  the 
label. 

Subpart  C — Identification  of  Hulls 
§181.21  Purpose  and  applicubilily. 

This  subpart  prescribes  the  require- 
ments for  identification  of  hulls  of  boats 
to  which  section  4 of  the  Federal  Boat 
Safety  Act  ot  1971  applies. 

§ 181.23  Hull  idenllfiritlion  number- 
required. 

Except  as  provided  in  paragraph  (b> 
of  this  section — 

(a)  Each  manufacturer  of  a boat  hull 
shall  identify  that  hull  with  a hull  Iden- 
tification number  that  meets  the  require- 
ments of  this  subpart; 

(b)  Each  person  who  Imports  a boat 
or  boat  hull  shall  Identify  that  hull  with 
a hull  identification  number  that  meets 
the  requirements  of  this  subpart,  unless 
the  manufacturer  of  that  hull  or  boat 
has  already  Identified  the  hull  with  a 
hull  identification  that  meets  the  re- 
quirements of  this  part;  and 

(c>  No  person  may  assign  the  same 
first  eight  characters  of  a hull  identifi- 
cation number  to  more  than  one  boat 
hull. 

§ 181.23  Hull  idenlifu-ation  number 
for  mat. 

Each  hull  Identification  number  re- 
quired by  { 181.23  must  consist  of  12 
characters  as  follows; 

< a > The  first  three  characters  must 
consist  of  a manufacturer  identification 
assigned  under  1 181.31. 

<b>  Character*  4 through  8 must  be 
assigned  by  the  manufacturer  and  must 
be  tetters  of  the  English  alphabet  or 
Arabic  numerals  or  both,  except  the  let- 
ters I.  O and  Q. 

' e * Characters  8 through  12  must  in- 
dicate the  date  of  certification  The 

characters  must  be  either— 


I 4 ream  numerals  with  characters 
8 w*  t*  ndtrauns  the  month  and  char- 


first  month  of  the  model  year.  August, 
must  be  designated  by  the  letter  “A." 
the  second  month,  September,  by  the 
letter  “B.”  and  so  on  until  the  last  month 
of  the  model  year,  July. 

§ 181.27  Additional  character,  in  li  nil 
identification  number. 

A manufacturer  may  display  additional 
characters  after  the  12  characters  re- 
quired by  1 181.25  If  they  are  separated 
from  the  hull  identification  number  by 
a hyphen. 

§ 181.29  Hull  identification  number 
di-play. 

(a>  The  hull  Identification  number 
must  be  carved,  burned,  stamped,  em- 
bossed. or  otherwise  permanently  affixed 
to  the  outboard  side  of  the  transom  or. 
if  there  is  no  transom,  to  the  outermost 
starboard  side  at  the  end  of  the  hull 
that  bears  the  rudder  or  other  steering 
mechanism,  above  the  waterline  of  the 
boat  in  such  a way  that  alteration,  re- 
moval. or  replacement  would  be  obvious 
and  evident. 

(b>  The  characters  of  the  hull  iden- 
tification number  must  be  no  less  than 
one-fourth  of  an  Inch  In  height. 

§ 181.31  Manufacturer  idrnti  firul iuu  a— 
signed. 

(a)  Each  person  required  by  } 181.23 
to  affix  a hull  identification  number  may 
request  a manufacturer  identification 
from  the  Commandant  (GBBC> . 400 
Seventh  Street  SW  , Washington.  DC 
20590.  There  is  no  charge  for  the  assign- 
ment. 

Effective  date.  This  amendment  shall 
become  effective  on  November  1.  1972. 

Dated:  July  27. 1972. 

T.  R.  Sargent. 

Vice  Admiral.  U S.  Coast  Guard, 
Acting  Commandant. 

(PH  Doc.72-12021  FUld  $-3-72:8:45  »m| 
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PART  183— BOATS  AND  ASSOCIATED 
EQUIPMENT 

The  purpose  of  these  amendments  is 
to  prescribe  safety  standards  for  safe 
loading,  safe  powering,  emergency  flota- 
tion. and  marking  of  capacity  informa- 
tion on  certain  boats.  A notice  of  pro- 
posed rule  making  was  published  in  the 
Fedual  Register  on  April  22.  1972  (37 
P.R.  8048 ).  proposing  adoption  of  these 
safety  standards  under  the  authority  of 
sections  5.  7.  and  39  of  the  Federal  Boat 
Safety  Act  of  1971  (85  Stat.  213.  215. 
216.  228:  46  U.S.C.  1454.  1458,  1488) 

On  May  17.  1972,  a public  hearing  was 
held  at  US.  Coast  Ouard  Headquarters 
In  Washington.  D C.,  to  receive  the  views 
of  interested  persons  on  the  proposed 
regulations.  During  the  period  April  22. 
1872.  to  May  31.  1972.  written  comments 
from  interested  persons  were  received. 
The  Const  Ouard  has  considered  these 
era!  end  written  comments  in  preparing 
the  final  rwte 


1971.  The  Boating  Safety  Advisory  Coun- 
cil was  consulted  on  March  28,  1972.  The 
Council  recommended  that  the  standards 
be  published  as  regulations.  The  tran- 
script of  the  proceedings  of  the  meeting 
of  the  Boating  Safety  Advisory  Council 
at  which  these  regulations  were  discus- 
sed is  available  for  examination  in  Room 
6240.  U S.  Coast  Guard  Headquarters. 
Department  of  Transportation  Head- 
quarters Building.  400  Seventh  Street 
SW..  Washington,  DC  20590.  The  minutes 
of  the  meetings  are  available  from  the 
Executive  Director.  Boating  Safety  Ad- 
visory Council,  at  this  address.  A differ- 
ent part  number  from  that  proposed  in 
the  notice  has  been  selected  for  addition 
of  these  rules  to  Title  33.  Subchapter  S, 
Boating  Safety,  was  added  to  Title  33  on 
July  7.  1972  (37  P.R.  13346) . 

During  the  comment  period,  comments 
were  received  concerning  Subpart  B — 
Display  of  Capacity  Information.  Com- 
ments stated  that  the  maximum  num- 
ber of  persons,  calculated  on  the  basis 
of  150  pounds  per  person  required  to  be 
displayed,  did  not  consider  that  the  ac- 
tual weight  of  a person  can  vary  widely 
as  between  adult  and  child  and  that  a 
group  of  one  adult  and  a number  of 
children  could  exceed  the  number  of 
persons  stated  on  the  plate  without  ex- 
ceeding the  maximum  person  weight 
determined  as  a step  in  calculating  maxi- 
mum number  of  persons.  The  Coast 
Guard  agrees  with  these  comments  and 
$ 183.25(b)  (1)  and  (2)  now  requires  the 
display  of  the  maximum  persons  capac- 
ity in  pounds  in  lieu  of  the  number  of 
person s at  150  pounds  per  person.  Com- 
ments requested  that  the  maximum  num- 
ber of  persons  statement  required  by 
proposed  3 180.25(b)  be  revised  to  indi- 
cate that  it  is  only  a guide  and  that  only 
the  maximum  weight  in  pounds  should 
govern.  The  effect  of  this  proposal  would 
be  that  additional  persons  who  are  able 
to  move  about  and  whose  center  of  grav- 
ity is  generally  quite  high  could  be  sub- 
stituted for  gear  or  motor  weight  which 
is  not  so  subject  to  movement  and  is 
generally  lower  in  the  boat  than  persons. 
Maximum  weight  capacity  requirements 
are  based  generally  on  the  size  of  the 
boat.  They  do  not  consider  the  boat’s 
stability  characteristics.  The  maximum 
weight  of  persons  must  never  exceed  this 
value  but  may  be  further  restricted  by 
the  boat’s  stability  characteristics  as 
determined  by  the  performance  test  in 
3 183.39.  3 183.41.  or  3 183.43  as  applica- 
ble. The  maximum  weight  of  persons, 
based  on  a boat's  stability  characteristics, 
is  important  safety  information  and 
should  receive  equal  emphasis  with  the 
maximum  weight  capacity. 

A further  comment  requested  that,  if 
a smaller  outboard  motor  than  that  listed 
on  the  capacity  information  were  in- 
stalled. the  difference  in  weight  be  al- 
lowed as  extra  passenger  weight.  While 
under  the  requirements  the  weight  dif- 
ference can  be  applied  as  extra  gear 
weight,  it  cannot  be  applied  as  passenger 
weight  because  of  the  stability  consider- 
ations. 

Several  comments  objected  to  the 
wording  of  the  safety  warning  of  pro- 
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posed  Figure  180.23  in  that  the  phrase 
"Boat  Overturns  Easily"  may  imply  that 
the  boat  is  inherently  unsafe.  The  word- 
ing of  Figure  183.23  has  been  revised  to 
incorporate  wording  suggested  by  the 
Hull  Performance  Committee  of  the 
American  Boat  and  Yacht  Council: 
"Boat  May  Overturn,  Operate  With 
Care.” 

Several  comments  pointed  out  differ- 
ences in  the  proposed  capacity  marking 
requirements  of  3 180.25  from  those  of 
similar  markings  now  being  placed  vol- 
untarily on  boats  by  some  manufacturers 
and  those  required  by  some  States. 

Section  2 of  the  Federal  Boat  Safety 
Act  of  1971  indicates  that  it  is  a purpose 
of  the  Act  to  encourage  greater  uni- 
formity of  boating  laws  and  regulations 
as  among  the  several  States  and  the 
Federal  Government.  As  this  purpose  is 
achieved,  the  differences  in  State  re- 
quirements, which  apply  on  waters  solely 
under  State  jurisdiction,  and  the  Coast 
Guard  requirements  will  decrease. 

One  comment  suggested  that  each  boat 
be  marked  with  the  sea  and  weather  con- 
ditions sind  level  of  seamanship  under 
which  the  capacity  information  applies. 
The  number  of  combinations  of  boat  size, 
type,  and  service  is  immense  and  there 
is  not  sufficient  justification  at  the  pres- 
ent time  to  require  such  marking. 

Two  comments  concerned  the  possible 
effect  of  the  required  persons  capacity 
display  on  the  sale  and  use  of  pirogues, 
whale  boats,  dories,  skiffs,  and  other 
boats  of  historical  or  unique  design  as 
well  as  very  small  "car  toppers"  and  din- 
ghies. While  some  boats  of  unique  design 
or  very  small  size  may  have  calculated 
persons  capacities  of  lesser  weight  than 
they  appear  to  be  able  to  carry  based  on 
the  number  of  thwarts  or  seating  posi- 
tions. 3 183.23  allows  a higher  value  to  be 
displayed  on  boats  built  before  August  1, 
1973.  if  appropriate  stability  warning 
labels  are  also  displayed.  Neither  com- 
ment contained  data  supporting  the  ex- 
pressed concern.  However,  if  it  proves 
necessary,  the  Coast  Guard  will  consider 
further  the  stability  and  safety  charac- 
teristics of  these  types  of  boats  during 
the  period  in  which  warning  label  display 
is  authorized. 

Another  comment  suggested  that  rac- 
ing and  other  high  performance  boats  be 
excepted  from  the  requirement  to  dis- 
play horsepower  capacity  information. 
The  comment  indicates  that  such  boats 
are  carefully  designed  and  are  operated 
by  real  experts.  The  use  to  which  a boat- 
man puts  a boat  may  not  be  that  for 
which  the  boat  is  designed.  Boats  de- 
signed for  racing  are  used  for  more  gen- 
eral boating  activities  by  boatmen  of 
varying  skills.  The  standard  for  display 
of  capacity  information  is  Intended  to 
provide  safety  information  to  the  boat- 
men who  may  not  have  expert  knowledge 
of  a particular  boat's  characteristics. 

Subpart  C — Safe  Loading  concerns  the 
calculations  and  testing  necessary  to  de- 
termine persons  capacity  and  maximum 
weight  capacity  to  be  displayed  on  the 
capacity  Information  in  1 183.25.  The 
subpart,  as  adopted,  has  been  revised  to 
delete  the  portions  of  the  calculations 
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concerning  the  determination  of  number 
of  passengers  to  agree  with  the  changes 
in  Subpart  B — Display  of  Capacity 
Information. 

Other  comments  concerned  Subpart 
D — Safe  Powering.  A comment  noted 
that  Table  183.53  did  not  apply  to  boats 
having  a factor  between  52.5  and  53.  This 
has  been  corrected  by  reducing  the 
the  minimum  factor  in  the  lower  portion 
of  the  table  to  52.5.  Also,  3 183.25  has 
been  revised  to  allow  a manufacturer  to 
display  a horsepower  capacity  on  the 
boat  which  is  less  than  the  horsepower 
determined  in  Table  183.53.  This  will  al- 
low the  manufacturer  additional  flex- 
ibility in  determining  the  required  ca- 
pacity Information  without  a decrease 
in  the  level  of  safety. 

One  comment  expressed  concern  that 
a boat  with  a transom  having  excessive 
flare  in  the  upper  region  might  gain  an 
unwarranted  power  advantage  in  the 
safe  powering  standard  prescribed  in 
Subpart  D.  This  standard  is  essentially 
the  same  as  that  being  used  in  a cur- 
rent industry  association  voluntary  cer- 
tification program.  There  is  no  evidence 
of  manufacturer  misuse  of  this  standard. 
If  this  does  become  a common  practice. 
The  Coast  Guard  will  consider  amending 
the  standard. 

Other  comments  concerned  Subpart 
E — Flotation.  Several  comments  noted 
that  the  quantity  of  flotation  needed  in  a 
given  boat  to  comply  with  the  perform- 
ance requirements  of  I 183.63  is  less  than 
that  which  would  result  it  the  calculation 
method  of  I 183.67  is  used.  Section 
183.63  establishes  the  performance  level 
which  the  boat  must  attain.  Section 
183.67  provides  an  alternate  method, 
which  does  not  require  in-the-water 
testing.  This  calculation  rule  can  be  ap- 
plied to  a wide  variety  of  hull  shapes  and 
sizes  and  thus  it  is  stated  more  conserv- 
atively than  3 183.63. 

One  comment  questioned  the  propri- 
ety of  disregarding  holes  in  the  motor- 
welt  of  outboard  boats  to  allow  passage 
of  control  cables  when  calculating  the 
maximum  displacement  in  accordance 
with  3 183.35.  These  openings  have  been 
allowed  in  industry-recommended  prac- 
tices and  State  regulations  and  laws  for 
many  years.  Holes  of  the  size  and  loca- 
tion allowed  have  not  been  a primary 
cause  of  boat  flooding  in  reported  boat 
accidents. 

A comment  questioned  the  necessity 
of  3 183.65(b)  which  permits  the  use  of 
air  chambers  for  flotation  until  August  1. 
1973.  since  there  is  no  requirement  for 
flotation  prior  to  that  date.  Section  183.- 
65(b)  has  been  deleted. 

Requirements  for  flotation  is  33  183.63. 
183.65.  and  183.67  have  been  changed 
from  the  proposal  to  allow  the  manu- 
facturer greater  latitude  in  choosing 
flotation  materials.  This  change  is  in  re- 
sponse to  comments  that  the  “inherently 
buoyant"  limitation  on  flotation  ma- 
terials in  the  proposal  did  not  encourage 
the  development  of  new  flotation 
methods. 

One  comment  objected  to  the  proposed 
effective  dates  of  the  standards.  These 
dates,  earlier  than  180  days  from  the 
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date  at  which  the  rule  is  published,  are 
needed  In  order  that  boats  produced  dur- 
ing the  winter  production  period  for  sale 
in  1973  will  meet  the  standards. 

The  safe  loading,  safe  powering,  and 
display  of  capacity  Information  stand- 
ards will  provide  the  boatman  with  Im- 
portant safety  Information.  These  stand- 
ards do  not  require  design  changes  to 
boats  and  the  effective  date  of  Novem- 
ber 1,  1972,  is  considered  as  reasonable. 
This  date  coincides  with  the  effective 
date  of  the  Certification  Label  require- 
ments in  New  Part  181. 

The  Flotation  Standard  may  Involve 
design  changes  for  some  boats.  The 
effective  date,  August  1,  1973,  will  allow 
sufficient  time  for  these  changes  to  be 
made.  The  effective  date  coincides  With 
the  beginning  of  a new  model  year  for 
many  manufacturers. 

In  the  notice  of  proposed  rule  making, 
this  rule  was  numbered  as  Part  180;  the 
numbering  has  been  changed  from  Part 
180  of  Subchapter  S of  Title  33,  Code  of 
Federal  Regulations,  to  Part  183. 

In  consideration  of  the  foregoing.  Sub- 
chapter S of  Chapter  I,  Title  33,  Code  of 
Federal  Regulations,  Is  amended  by  add- 
ing a new  Part  183  to  read  as  follows: 

Swbporl  A— Ganaral 

Sec. 

183.1  Purpose  end  applicability. 

183.3  DeOaitlons. 

Sukpmrt  8 ■ Display  ef  Capacity  lirfemaHan 
183.31  Applicability. 

183-23  Capacity  marking  required. 

183.38  Display  of  markings. 

183.37  Construction  of  markings. 

Sebpart  C lofe  leading 
18331  Applicability 

183.33  Maximum  weight  capacity:  Inboard 
and  In  board -outdrive  boats. 

183.38  Maximum  weight  capacity:  Outboard 

boats. 

18337  Maximum  weight  capacity:  Boats 
without  mechanical  propulsion. 
18339  Persons  capacity:  Inboard  and  In- 
board-outdrive  boats. 

183.41  Persons  capacity:  Outboard  boats. 
183.43  Parsons  capacity:  Boats  without  me- 
chanical propulsion. 

Ti,L»  ■ ^ ft  t ftautasfaie 
JwB^wn  JWw  rfW8IBt| 

183.81  Applicability. 

183.83  Horsepower  capacity. 

Sakpart  I HalaMea 

183.61  Applicability. 

183.63  Quantity  of  flotation  required. 
iM  M Flotation 

1(3.87  Method  for  determining  quantity  of 
flotation. 

Ansttm:  The  provisions  of  this  Port 
183  Issued  under  sacs.  6.  7,  and  39.  86  Stat. 
313.  SIS,  316.  338  (48  UJS.C.  1488,  I486,  1488; 

49  CPR  1.48(01(1). 

Subpart  A— General 
S 183.1  Purpose  and  applicability. 

This  pert  prescribes  standards  and  reg- 
ulations for  boats  and  associated  equip- 


ment to  which  section  12  of  the  Federal 
Boat  Safety  Act  of  1971  appliea  and  to 
which  certification  requirement#  in  Part 
181  of  this  subchapter  apply. 

§ 183.3  Definitions. 

(a)  “Beam”  means  the  maximum 
transverse  distance  between  the  outer 
sides  of  the  hull  excluding  fenders,  joiner 
stripe,  and  other  extensions. 

(b)  "Boat”  means  any  vessel  manu- 
factured or  used  primarily  for  noncom- 
mercial use;  leased,  rented,  or  chartered 
to  another  for  the  latter’s  noncommercial 
use;  or  engaged  in  the  carrying  of  six  or 
fewer  passengers. 

(c>  “Length”  means  the  straight  line 
horizontal  distance  between  the  intersec- 
tion of  the  stem  and  stem  profiles  with 
the  sheer  excluding  fenders  or  other 
extensions. 

<d)  "Monohull  boat”  means  a boat 
on  which  the  line  of  intersection  of  the 
water  surface  and  the  boat  at  any  oper- 
ating draft  forms  a single  closed  curve. 
For  example,  a catamaran,  trimaran,  or 
pontoon  boat  is  not  a monohull  boat. 

(e)  "Sailboat”  means  a boat  designed 
or  Intended  to  use  sails  as  the  primary 
means  of  propulsion. 

(f)  “Sheer”  means  the  fore-and-aft 
curfo  in  a vertical  rlane  of  the  topmost 
line  in  a vessel's  side. 

(g)  “Vessel"  Includes  every  descrip- 
tion of  watercraft,  other  than  a seaplane 
on  the  water,  used  or  capable  of  being 
used  as  a means  of  transportation  on 
the  water. 


Subpart  B— Display  of  Capacity 
Information 
§ 183.21  Applicability. 

This  subpart  applies  to  monohull  boats 
less  than  20  feet  in  length,  except  sail- 
boats. canoes,  kayaks,  and  inflatable 
boats. 

g 183.23  Capacity  marking  required. 

(a)  Except  as  provided  In  paragraph 
(b).  each  boat  must  be  marked  in  the 
manner  prescribed  in  II  183.25  and 
183.27  with  the  maximum  weight  capac- 
ity. maximum  persons  capacity  deter- 
mined under  II  183.33  through  183.43, 
and  maximum  horsepower  capacity 
determined  under  1 183.53. 

(b)  Any  boat,  the  construction  or  as- 
sembly of  which  begins  before  August  1, 
1973,  may  have  displayed  thereon  a 
maximum  persons  capacity  greater  than 
that  determined  in  II  183.39  through 
183.43  If  the  maximum  persons  capacity 
displayed  does  not  exceed  the  maximum 
weight  capacity  and  the  boat  displays 
at  least  two  stability  warning  labels  pre- 
scribed In  paragraph  (c)  of  this  section. 

(c)  Each  of  the  stability  warning 
labels  required  by  paragraph  (b)  of  this 
section  must — 

(1)  Be  waterproof; 

(2)  Be  displayed  at  normal  boarding 
positions;  and 

(3)  Have  a plan  view  of  the  boat  and 
the  words  in  block  letters  in  the  sizes 
shown  in  figure  183.23  In  colors  that  con- 
trast with  the  background  of  the  label. 

Minim  urn 
Dimansions 


SAFETY  WARNING 

DO  NOT  STAND 


OPERATE  WITH  CARE 
BOAT  MAY  OVERTURN 


± 


?/2" 


figure  183.23 
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§ 183.25  Display  of  markings. 

ia>  Each  marking  required  by  i 183.23 
<a * must  be  permanently  displayed  In 
a legible  manner  where  it  is  clearly  visi- 
ble to  the  operator  when  he  Is  getting 
the  boat  underway. 

ib>  The  Information  required  to  be 
marked  by  1 183.23(a)  must  be  displayed 
in  the  following  manner — 

• 1 > For  outboard  boats: 

US.  Coast  Quant  Capacity  Information 


Maximum  horsepower XXX 

Maximum  persona  capacity  (pounds).  XXX 
Maximum  weight  capacity  (persona, 
motor,  and  gear)  (pounds)... XXX 


(2)  For  inboard  boats,  lnboerd-out- 
drlve  boats,  and  boats  without  mechani- 
cal propulsion: 

US.  Coast  Guard  Capacity  Information 
Maximum  parsons  oapaclty  (pounds) . XXX 
Maximum  weight  capacity  (parsons 
and  gear)  (pounds) XXX 

g 183.27  Construction  of  markings. 

Each  marking  required  by  { 183.23(a) 
must  be — 


(a)  Capable  of  withstanding  the  com- 
bined effects  of  exposure  to  water,  oil. 
salt  spray,  direct  sunlight,  heat.  cold, 
and  wear  expected  In  normal  operation 
of  the  boat,  without  loss  of  legibility:  and 

(b)  Resistant  to  efforts  to  remove  or 
alter  the  information  without  leaving 
some  obvious  sign  of  such  efforts. 

Subpart  C— Safe  Loading 
8 183.31  Applicability. 

This  subpart  applies  to  monohull  boats 
less  than  20  feet  In  length  except  sail- 
boats, canoes,  kayaks,  and  Inflatable 
boats. 

8 183.33  Maximum  weight  capacity:  In- 
board and  inboard -outdrive  boats. 

(a)  The  maximum  weight  capacity 
marked  on  a boat  that  has  one  or  more 
Inboard  engines  or  inboard-outdrlve 
units  for  propulsion  must  not  exceed  IF 
in  the  formula: 


(Maximum  displacement)  Boat  weight  4 (Machinery  weight) 
j 5 g 


(b>  For  the  purposes  of  paragraph  (a) 
of  this  section — 

(1)  “Maximum  displacement”  Is  the 
weight  of  the  volume  of  water  displaced 
by  the  boat  at  Its  maximum  level  im- 
mersion In  calm  water  without  water 
coming  aboard.  For  the  purpose  of  this 
paragraph,  a boat  Is  level  when  it  Is 
transversely  level  and  the  points  where 
the  sheer  intersects  the  stem  and  the 
stern  (or  transom)  are  equidistant  above 
the  water  surface. 

(2)  “Boat  weight”  is  the  combined 
weight  of  the  boat  hull  and  all  Its  per- 
manent appurtenances,  including  ma- 
chinery weight. 

(3)  "Machinery  weight”  la  the  com- 
bined weight  of  installed  engines  or 
motors,  full  fuel  system  and  tanks,  con- 
trol equipment,  drive  units  end  batteries. 

8 183.3S  Maximum  weight  capacity  i 
Outboard  boats. 

(a)  The  maximum  weight  capacity 
marked  on  a boat  that  is  designed  or  In- 
tended to  use  one  or  mors  outboard 
motors  for  propulsion  must  be  a number 
that  does  not  exceed  one- fifth  of  the  dif- 
ference between  Its  maximum  displace- 
ment end  boat  weight. 

(b)  For  the  purposes  of  paragraph 
(a>  of  this  section — 

(1)  “Maximum  displacement”  is  the 
weight  of  the  volume  of  water  displaced 
by  the  boat  at  its  maximum  level  im- 
mersion In  calm  water  without  water 
coming  aboard  except  for  water  com- 
ing through  one  opening  In  the  motor 
well  with  its  greatest  dimension  not 
over  3 inches  for  outboard  motor  con- 
trols or  fuel  lines.  For  the  purpose  of 
this  paragraph,  a boat  Is  level  when  It  is 
transversely  level  and  the  points  where 
the  sheer  Intersects  the  stem  and  the 
stern  (transom)  are  equidistant  above 
the  water  surface. 


(2)  "Boat  weight”  Is  the  combined 
weight  of  the  boat  hull  and  all  Its  per- 
manent appurtenances.  For  the  purposes 
of  this  paragraph,  outboard  motors  are 
not  permanent  appurtenances. 

8 183.37  Maximum  weight  capacity: 
Boats  without  mechanical  propulsion. 

(a)  The  maximum  weight  capacity 
marked  on  a boat  that  is  not  designed  or 
Intended  to  have  mechanical  propulsion 
must  not  exceed  one- fifth  of  the  differ- 
ence between  the  boat’s  maximum  dis- 
placement and  the  boat  weight. 

(b)  For  the  purposes  of  paragraph 
(a ) of  this  section— 

(1)  "Maximum  displacement"  is  the 
weight  of  the  volume  of  water  displaced 
by  the  boat  at  Its  maximum  level  Im- 
mersion In  calm  water  without  water 
coming  aboard.  For  the  purpose  of  this 
paragraph,  a boat  U level  when  It  Is 
transversely  level  and  the  points  where 
the  sheer  Intersects  the  stem  and  the 
stem  (transom)  art  equidistant  abova 
the  water  surface. 

(2)  "Boat  weight”  Is  the  combined 
weight  of  the  boat  hull  and  all  Its  per- 
manent appurtenances. 

8 183.39  Person*  capacity:  Inboard  and 
inboard-ouidrirc  bon  la. 

The  persons  capacity  marked  on  a boat 
that  Is  designed  or  Intended  to  use  one 
or  more  Inboard  engines  or  inboard-out- 
drlve units  must  not  exceed  the  lesser  of 
the  maximum  weight  capacity  deter- 
mined under  1 183.33  for  the  boat  or  the 
maximum  persons  capacity  determined 
by  the  following  test  in  calm  water: 

(a)  Float  the  boat,  with  all  its  per- 
manent appurtenances,  Including  in- 
stalled engines,  full  fuel  system  and 
tanks,  control  equipment,  drive  units, 
and  batteries. 

(b)  Gradually  add  weights  along  one 
outboard  extremity  of  each  passenger 
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carrying  area,  at  the  height  of  the  seat 
nearest  the  center  of  that  area  and  dis- 
tributed equally  forward  and  aft  of  that 
center  In  a plane  parallel  to  the  floor- 
boards. until  the  boat  assumes  the  maxi- 
mum list  or  trim,  or  both,  without  water 
coming  aboard. 

(c)  Compute  the  persons  capacity  in 
the  following  formula: 

Parsons  capacity's  where  A Is  tha  total  of 
0« 

the  weights  added  In  paragraph  (b)  of  this 
section. 

8 183.41  Persons  capacity:  Outboaid 
boats. 

The  persons  capacity  marked  on  a 
boat  that  Is  designed  or  Intended  to  use 
one  or  more  outboard  motors  for  propul- 
sion must  not  exceed  the  lesser  of  the 
maximum  weight  capacity  determined 
under  1 183.39  for  the  boat  or  the  live 
load  capacity  determined  by  the  follow- 
ing test  in  calm  water: 

(a)  Float  the  boat  with  all  its  per- 
manent appurtenances. 

(b)  Add.  In  normal  operating  posi- 
tions, the  dry  motor  and  control  weight, 
battery  weight,  and  portable  tank  weight, 
if  any.  shown  In  Table  183.67(a)  for  the 
maximum  horsepower  capacity  marked 
on  the  boat.  For  permanently  Installed 
fuel  tanks,  add  6 pounds  of  weight  for 
each  gallon  of  fuel  capacity. 

(c>  Gradually  add  weights  along  one 
outboard  extremity  of  each  passenger 
carrying  area,  at  the  height  of  the  seat 
nearest  the  center  of  that  area  and  dis- 
tributed equally  forward  and  aft  of  that 
center  in  a pine  parallel  to  the  floor- 
boards until  the  boat  assumes  the  maxi- 
mum list  or  trim,  or  both,  without  water 
coming  aboard. 

(d)  Compute  the  persons  capacity  in 
the  following  formula: 

Penons  capoclty=4  when  A Is  the  total  of 
O 

th*  weights  added  In  paragraph  (c)  of  this 
section. 

8 183.43  Persons  capacity:  Boat*  Milli- 
on! mechanical  propulsion. 

The  persona  capacity  marked  on  a boat 
that  is  not  designed  or  intended  to  have 
mechanical  propulsion  must  not  exceed 
the  leeaer  of  the  maximum  weight  capac- 
ity determined  under  1 183.37  for  the  boat 
or  the  live  load  capacity  determined  by 
the  following  teat  in  calm  water: 

(a)  Float  tha  boat,  with  all  Its  per- 
manent appurtenances. 

(b)  Gradually  add  weights  along  one 
outboard  extremity  of  each  passenger 
carrying  area  at  the  height  of  the  seat 
nearest  the  center  of  that  area  and  dis- 
tributed equally  forward  and  aft  of  that 
center  in  a plane  parallel  to  the  floor- 
boards until  the  boat  assumes  the  maxi- 
mum list  or  trim,  or  both,  without  water 
coming  aboard. 

(c)  Compute  the  persons  capacity  in 
the  following  formula: 

Persons  capaclty=A  where  A la  the  total  of 
08 

the  weights  added  in  paragraph  (b)  of  this 
section. 
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Subpart  0— Safa  Powering 
§ 1S3.31  Applicability. 

This  subpart  applies  to  monohuil  boats 
less  than  20  feet  in  length,  except  sail* 
boats,  canoes,  kayaks,  and  inflatable 
boats,  that  are  designed  or  intended  to 
use  one  or  more  outboard  motors  for 
propulsion. 

S 183. S3  Horsepower  capacity. 

The  maximum  horsepower  marked  on 
a boat  must  not  exceed  the  horsepower 
capacity  determined  as  follows: 


<d>  For  flat  bottom  hard  chine  boats 
with  a factor  of  52  or  less,  the  horsepower 
capacity  must  be  reduced  by  one  horse- 
power capacity  increment  in  Table 
183.53. 

Subport  E— Flotation 
§ 183.61  Applicability. 

This  subpart  applies  to  monohull  boats 
the  construction  or  assembly  of  which  is 
begun  after  July  31, 1973,  and  which  are 
less  than  20  feet  in  length,  except  sail* 
boats,  canoes,  kayaks,  and  inflatable 
boats. 

§ 183.63  Quantity  of  flotation  required. 

Each  boat  must  have- 

la)  At  least  that  quantity  of  flota- 
tion prescribed  in  i 183.87;  or 

«b)  Enough  flotation  to  keep  any  por- 
tion of  the  boat  above  the  surface  of  the 
water  when  the  boat  is  filled  with  water 
and  loaded  with — 

il)  A weight  that,  when  submerged, 
equals  two-fifteenths  of  the  persons  ca- 
pacity marked  on  the  boat;  and 

<2)  A weight  that,  when  submerged, 
equals  25  percent  of  the  dead  weight;  and 

13)  A weight  in  pounds  that,  when 
submerged,  equals  62.4  times  the  volume 
of  the  two  largest  air  chambers,  if  air 
chambers  are  used  for  flotation;  and 

14)  For  outboard  motor  boats,  a 
weight  that,  when  submerged,  equals 
the  submerged  motor  and  control  weight 
from  Table  183.87(a) . 


la)  Compute  a factor  by  multiplying 
the  boat  length  in  feet  by  the  maximum 
transom  width  in  feet  including  spray 
rails  if  spray  rails  act  as  chines  or  port 
of  the  planing  surface.  If  the  boat  does 
not  have  a full  transom,  the  transom 
width  is  the  broadest  beam  in  the  after- 
most quarter  length  of  the  boat. 

(b)  Locate  horsepower  capacity  cor- 
responding to  the  factor  in  Table  183.53. 

tc)  If  the  horsepower  capacity  in 
Table  183.53  is  not  an  even  multiple  of  5. 
it  may  be  raised  to  the  next  eve  multiple 
of  5. 


(c)  For  the  purpose  of  this  section, 
"dead  weight”  means — 

11)  For  outboard  boats  and  boats 
without  mechanical  propulsion,  the 
maximum  weight  capacity  marked  on  the 
boat  minus  the  sum  of — 

11)  Motor  and  control  weight,  and  bat- 
tery weight  (dry)  from  Table  183.67ta) ; 
and 

ill)  The  persons  capacity  determined 
under  1 183.41  for  the  boat,  and 

12)  For  Inboard  boats,  the  maximum 
weight  capacity  marked  an  the  boat 
minus  the  persons  capacity  determined 
under  1 183.39  for  the  boat. 

§ 183.63  Flotatioa  material*. 

la)  The  flotation  required  by  1 183.63 
must  be  made  of  materials  that  are — 

ID  Capable  of  withstanding  the  com- 
bined effects  of  contact  with  oil.  oil  prod- 
ucts, or  other  liquids  or  compounds  with 
which  the  material  may  be  expected  to 
come  in  contact  during  normal  use.  in- 
cluding fuel  oil,  gasoline,  grease,  lubri- 
cating oil.  common  bilge  solvents,  and 
salt  and  fresh  water; 

12)  Capable  of  withstanding  combined 
exposure  to  sunlight,  vibration,  shock, 
and  temperature  variations  which  may 
be  expected  during  normal  use; 

13)  Installed  in  such  a manner  that 
the  flotation  is  fully  effective  when  the 
boat  is  flooded  or  capstsed. 

lb)  Any  air  chamber  used  for  flota- 
tion must  not  be  an  integral  part  of  the 
hull. 


§ 183.67  Method  for  determining  quan- 
tity of  flotation. 

The  minimum  quantity  of  flotation  re- 
quired by  I 183.63ta)  must  be  determined 
by  the  following  method: 

ia)  Step  1:  Determine  the  Submerged 
Weight  of  Boat  1W.)  in  the  formula: 

W,  = Wh  K,  + Wd  K.+OMWe 

Where- 

IV*  = Submerged  weight  of  boat. 

Wh=  Dry  weight  of  hull. 

wd  = Dry  weight  of  deck  and  super- 
structure. 

We  = Dry  weight  of  permanent  ap- 
purtenance* except  motor  and 
control  weight.  battery 
weight,  and  portable  tank 
weight. 

K,  and  K,= Conversion  factor*  for  material* 
used  from  Table  183.67(b). 

lb)  Step  2:  Determined  submerged 
weight  of  engine  and  related  equipment 
tO)  as  follows: 

U)  For  outboard  boats.  O equals  the 
sum  of  the  submerged  motor  and  control 
weight,  battery  weight,  and  full  fuel  tank 
weight  from  Table  183.67(a)  for  maxi- 
mum horsepower  capacity  marked  on  the 
boat  in  accordance  with  I 183.53. 

12)  For  Inboard  boats  O equals  75  per- 
cent of  the  Installed  weight  of  engine, 
drive,  and  fuel  system. 

lc)  Step  3:  Determine  dry  weight  of 
load  IC)  as  follows: 

ID  For  outboard  boats.  C equals  the 
maximum  weight  capacity  as  deter- 
mined in  | 183.35  minus  the  sum  of  dry 
motor  and  controlled  weight,  battery 
weight,  and  full  fuel  tank  weight  from 
Table  183.67' a). 

(2)  For  Inboard  boats.  C equals  the 
maximum  weight  capacity  os  determined 
in  I 183.33. 

id)  Step  4:  Determine  Flotation  re- 
quired < W>  in  the  formula: 

W = W.iSt*p  1)  + G (Step 2)  -*-0.26 C (Step  3) 

te)  Step  5:  Determine  the  volume  of 
flotation  material  (F>  needed  in  the 
formula: 

notation  required  |W)  4-  Chamber 
volume  (V) 

r~~  "Buoyancy  of  flotation  material 

where:  "Flotation  required"  is  that  value 
of  W determined  in  Step  4:  “Chamber 
volume”  is  the  volume  of  the  two  largest 
air  chambers,  if  air  chambers  are  used 
for  flotation;  and  “Buoyancy  of  flotation 
material"  is  determined  by  subtracting 
from  the  density  of  fresh  water  the  den- 
sity of  the  flotation  material.  The  den- 
sity of  the  flotation  material  must  be  de- 
termined after  the  material  has  been 
immersed  in  fresh  water  for  one-half 
hour.  When  air  chambers  are  used,  the 
“Buoyancy  of  flotation  material"  Is  62.4 
lbs./ft.* 


Tails  IS*.  30— Outboaxd  Boat  llonsrowu  Cataittt 
courvT*:  facto* -boat  lxsoth  X t*a*jom  width 


If  (Actor  inaarMi  intefer)  It 

1 

0-31  1 36-30  | 

40-12  ; 43  43  | 46-52 

Horsepower  opacity  1*. 

1 

S | 8 ! 

7H  1 Ml  It 

Not*;  For  flat  bottom  herd  chlno  boat*,  with  (actor  or  32  or  !«**.  reduce  one  capacity  increment  (e.f.  • to  3) 

| No  remote  steering,  or  1m§  thou  JO"  tmuoia 

1 f fact  or  is  over  52.5  <uid  the  l»oul  

Remote  steering  ami 
at  lr»*t  W truiuom 
height 

For  flat  bottom  hard 
j chine  bo»U 

V 

i For  other  boots 

IforaepowercopacilyUireUe  to  newest  1 

C2  X Factor)  - 'j0 

: l0.fi  X F ac lor)  - is 

1 

! (0.8  X Factor)  - 25 

1 

*mUi  MOMTM.  VOC  37,  NO.  Ill— M WAT.  AW0U6T  4.  1979 

VII-A-5 


* 


RULES  AND  REGULATIONS 


15785 


Tmt  US.I7U1 

wxwhi*  or  ootmasd  koto*  axd  uutu  Nnmn  roA  tauovo  mat  Houirowu  un xoi 

Table  111.67(b) 

rirrox’t  roo  rosvtmnNO  taoiou*  im»\t  mate  mi  a is 
mou  oar  to  il/omkooko  wuuht 

_ . . Motor  And  control  wrtfht  Botlory  wrtfht  Full  portohla  tool  took 

B«*t  honcpmrer  r»Un*  weight » 

Mote  rial  dp.  Or.  Factor 

Start 7. 80  0«» 

Dry  Wot  > Dry  Wo«  * Dry  Wet  i 

Aluminum 2. 73  «•  *4 

Flboryloos 1«  «.» 

A.B.L!. 112  0. 11 

Moliogony 0-8*  — 0. 7» 

Yellow  Pine ft.  M -ft.  SI 

Cedor 0.33  -l.'*S 

Biin  end  groin 0. 16  — i.  24 

Tnuisomi  deeigned  (or  twin 
motors: 

100.1  to  1M AW  OS  U tt  100  -» 

160.1  to  S00 010  4U  4ft  2ft  100  -1 

Effective  date.  This  amendment  shall 
become  effective  on  November  1,  1972. 

Dated:  July  27. 1972. 

T.  R.  Sargent. 

Vice  Admiral.  U.S.  Coast  Guard. 

Acting  Commandant. 

|PR  Doc.73-13033  Fllod  S-3-72;8:45  IB) 

• Wot  in  this  coos  moons  submerged. 

3 If  the  boot  hot  o permonout  built-in  fuel  tank,  the  took  should  be  foil  lor  the  test  ami  the  “Full  Portable  Fuel 
Tank  Weight”  excluded. 
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APPENDIX  VII-B.  EXPRESSIONS  FOR  E AND  e 


Theorem:  In  the  Benefit  Assessment  Diagram,  if  ^ . then 


p - P <1 

x = uz  - vy  = * i s 1 _ _ 

t " x+y+z  uz  + vz  1 - 


P - P 

= JL_  = uz  --J1  = 2 ,,  =»  = 


x+y  uz 


2 1 2 


p q 

1 2 

p q, 

2 1 


, where 


n = — d = — — , q = 1 - p , q = 1 - p 
P1  y+Z  ’ P2  U+V  i 1 2 2 


Proof: 


x 


(fh-y 


Therefore: 


x+y+z 


(^)z-y+y+z 


- uz  - vy 
uz  + vz 


_y X- 

u+v  y+z 
z 

y+z 


P - P 

2 1 


1 + P - P 

2 1 


1 - P 


1 - P " (1 

1 


uz  - vy  + uy  - u> 
z(u+v) 


u(z+y)  - y(u+V; 
z(u+v 


1 - P 


q 

2 

1 
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APPENDIX  VII-C 


A TEST  OF  e'  = e" 

Suppose  that  in  any  benefit  assessment  diagram,  x-~^  = Consider  the 
contingency  tables 


where  n' 

1 

q' 

i 

From  Appendix 


y' 

u' 

y" 

u" 

z' 

V* 

z" 

v" 

n' 

n' 

"n""" 

n" 

l 

2 

1 

2 

= y'  + z’ , etc; 


P' 


n;  2 

1 - p’  = 

2 


etc. 


VII-B, 


e'  = 1 


p ' q ' 

p ' q ’ 

2^1 


and 


! 


and  similarly, 


o 


Therefore, 


- yV^'z1'  \ 

- lo9  \y"v"vrz''  ) * 


Also,  from  Reference  VI I -10, 


var  o' 


1 . 1 . 1 . 1 
y1"  z7"  u1"  v7 


var  o ~ yii  + + yii  yii 


We  assume  that  the  random  variables  o'  and  o"  are  independent  and  that  their 
difference  d = log  o'  - log  o"  is  approximately  normally  distributed.  Then, 

var  d = var  (log  o')  + var  (log  o") 

a var  (log  o')  + var  (log  o" ) 

~ A-  + -^r+-T-+-T-+-TT+-Tr+-Tr+4r  . 

y z ir  v y r u v 

As  shown  above,  the  hypothesis  e'  = e"  is  equivalent  to  d = 0.  Therefore,  under 

this  hypothesis,  - -d--—  is  distributed  as  a standard  normal  variable. 

/var  d 

Thus,  to  test  the  null  hypothesis  e'  = e"  against  the  alternative  e'  f e" , one 
may  refer  the  value 


d*  = 


Inn  /yVu"?"  \ 
log  ly“vl,u  1 2 1 ) 


/var  d 


1 4.J_xX+I+-L+i+I+l 

y'  + z'  + u1  v'  y"  z”  u"  v" 


to  a table  of  the  standard  normal  distribution  in  the  usual  manner. 
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APPENDIX  VII-D.  A ROUGH  TEST  OF  E'  = E 


Suppose  that  in  any  Benefit  Assessment  Diagram  = 9-. 
Consider  the  contingency  tables 


y‘ 

u' 

y" 

u" 

z’ 

v' 

z" 

v" 

where  n 1 = y ’+z ’ , etc.  , 

_ \ 

n' 

l 

n' 

2 

n" 

l 

n" 

2 

q'  = 

i 

z1 

n' 

l 

> 

q' 

2 

v' 

" n' 

2 

P'  = 
1 

1-q1  , etc. 

i 

Suppose  the  random  variables  from  which  q * , q ’ , q"  and  q"  are  derived  are 

121  2 

mutually  independent  and  D = q'  q"  - q"  q1  is  normally  distributed.  Now,  for 

2 1 2 1 

independent  random  variables  X and  Y, 


E(XY)  = (EX) (EY ) , E(X-Y)  = E(X)  - E(Y) , 
var(X-Y)  = var(X)  + var(Y)  and 

var(XY)  = (varX)(varY)  + E2(X)  var(Y)  + E2(Y)  var(X),  where 
E ( X ) and  var(X)  are  the  expectation  and  variance  of  X,  etc. 

As  each  q is  a proportion,  E(q)  = q and  var  (q)  = 9(.l~q)  = 9£  t Thus, 

var(q ' q"  ) = (var  q')(var  q")  + E2(q'  ) var(q"  ) + E2(q")  var(q'  ) 


2 1 2 1 

q 1 p 1 q"  p" 

(-V-»  * 
2 1 


2 1 1 

(q'  )2  q"p"  (q"  )2  q'  P* 

2 11  1 2 2 
+ 


n 


l 


n 


q'  q" 

2 1 

n 1 n" 
2 1 


[p1  p"  + n'  q'  p"  + n"  q"  p‘  ] 

2 1 2 2 1 112 
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q'  q" 

2 1 


,-rr— — n2 [ (n ' p'  )(n"  p"  ) + n'  (n‘  q'  )(n"  p"  ) + n"  (n"  q"  ) (n*  p'  )] 

in  n ) 22  11  222  11  111  22 


2 1 


v'  z" 


(~n~  n11'  )'3  ^u'y"  + n>2  v'yn  + n"  z"u 


2 1 


Similarly, 


var(q"  q ' ) = r-,,  -r3  [u"y'  + n"  v"y'  + n'  z'u"] 

21  n2  ni  2 1 

q’  q” 

2 2 

Now,  from  Appendix  B,  E’  = 1 - ^r—  and  E”  = 1 - . Therefore  the  statement 

l l 

E'  = E"  is  equivalent  to  q1  q"  = q"  q'  , and  thus  to  D = 0. 

2 1 2 1 

Thus,  testing  the  hypothesis  E'  = E" , is  equivalent  to  testing  the  hypothesis 
D = 0.  Under  this  hypothesis  and  our  assumptions,  D*  is  distributed  as  a standard 
normal  variable,  where 


D* 


q‘  q"  - q"  q‘ 
2 1 2 1 


/ var  (D ) / var  (dT 


and 


var  (D) 


V Z 3 [u'y"  + n'  v'y"  + n"  z"u'] 


fn’'  n"  ) 

2 1 


+ Cn-r-nr-)3  [u"y‘  + n^  v"y'  + nj  z'u"] 


2 1 


Thus  by  referring  the  value  of 


to  a table  of  the  standard  normal  dis- 


y var  (D) 

tribution  we  can  roughly  test  the  hypothesis  E'  = E"  against  E*  f E". 
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APPENDIX  VII-E 


EXPRESSIONS  FOR  Ea  AND  e 

a a 

In  the  benefit  assessment  diagram,  if  there  exists  a positive  constant  a such 
that 


= a(£)  , then 


„ ap  q - p q 

x _ auz  - vy  _ 1 2 w 12 

x + y + z ’ auz  + vz  ap  q + q q 

21  12 


_i—  = 'LL  = 1 . , where 

x + y auz  ap  q 

2 1 


y + z ’ °2 


V V ,q  = l-  p,q  = 1 - P 

u + v 1 12  2 


Proof: 

As 


>(*)•  * ■TT-*- 


Therefore, 


"a  x + y + z 


- y + y + z 


auz  - vy 
auz  + vz 


auz 

vy 

(y+z) (u+v)  1 

: y+z) (u+v) 

auz 

vz 

dP2qi  - Pi^z 
ap  q + q q 

21  12 
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APPENDIX  VII-F 

TESTS  OF  e = b,  E = 0 AND  e'  = e" 

da  a a 


Suppose  that  for  any  benefit  assessment  diagram  there  exists  a positive  constant 
a such  that  x-  * X = a(^-|. 

For  the  corresponding  contingency  table. 


table. 

y 

u 

z 

V 

n 

n 

l 

2 

let  p = -f-  , q = 1 - p 
1 ni  ri 


m ’ p2  = n2  ’ q2 


1 - p = --  • 

2 n2 


and  o = 


piq2  _ yv 


A Test  of  e = b vs  e > b 

a a 


Let  b be  a constant  with  0 < b < 1.  From  Appendix  VII-E  we  have  that  the  following 
statements  are  equivalent: 


e > b 

a 


Piq2 

1 — > b 

ap  q 

2 1 


" a > b " 1 


o < a(l-b) 

log  (a(l-b))  - log  o = 0 


*A11  logarithms  are  natural  logarithms 
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0. 


Similarly  e = b is  equivalent  to 

a 


log  o - log  a(l-b)  = 

Let  h = log  ( a ( 1-b) ) - log  o and  h*  = 

/var  h 

To  test  the  null  hypothesis  ea  = b against  the  alternative  ea  > b,  we  will  assume 
that  h is  normally  distributed.  Under  the  null  hypothesis,  h has  a mean  of 
zero  and  h*  has  a standard  normal  distribution.  Now,  from  Reference  VII-10, 


var  h = var  (log  o) 


Thus,  to  test  the  null  hypothesis  eg  = b against  the  alternative  ea  > b,  we  may 
refer  the  statistic 


h* 


log  (a(l-b))  - log  o 


auz(l-b) 

n 


UI  + 

z u 


■) 

T 

v 


uO  a table  of  the  standard  normal  distribution  and  reject  the  null  hypothesis  if 
the  upper  tail  probability  corresponding  to  h*  is  less  than  the  prespecified 
significance  level. 


F-2.  A Test  of  Ea  = 0 vs  Ea  > 0 


From  Appendix  E,  we  have  that  the  following  statements  are  equivalent: 


Ea  > 0 


ap2qi  ~ piq2 

ap  q + q q 

2 1 12 


> 0 


ap  q - p q >0 

2 1 12 


1 - 


p,q 


1^2 


ap  q 

2 1 


> 0 
> 0 
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Similarly,  E_  = 0 if  and  only  if  e.  = 0. 

a a 

Thus,  we  see  that  to  test  E = 0 vs  E > 0,  it  suffices  to  test  e = 0 vs  e > 0. 

a a a a 

This  is  merely  a special  case  (with  b = 1 ) of  the  test  derived  above  in  Appendix 
F-l. 

F-3.  A Test  of  el  = e"  vs  e'  + e" 

a a q a 

Defining  e^  and  e^  in  the  obvious  way,  we  have,  from  Appendices  E and  C,  that  the 
following  statements  are  equivalent: 


el 

ss 

e" 

a 

a 

p'q' 

K1H2 

p"q" 

, ^1M2 

1 ‘ ap^q* 

ap'q' 

2 1 

2 1 

plqi 

p'{q'2 

aploi 

ap2q'{ 

Pi^ 

p i q 2 

P1  q' 

2 1 

2 1 

p'q' 

K1H2 

p"q" 

, KlH2 

1 ' P"Q" 

‘ P*q‘ 

2 1 

2 1 

e' 

s 

e" 

where  e'  and  e"  are  defined  in  the  same  manner  as  el  and  e",  except  that  in  the 

x+v/u\  “ ® 

assumption  — = a(-j,  the  value  of  a is  fixed  as  a*l. 

Thus,  we  see  that  a test  of  el  = e'l  vs  el  * e'1  is  equivalent  to  a test  (such  as 

q q q q 

that  in  Appendix  C)  of  e'  = e"  vs  e'  f e". 
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VIII  CONTROL  SPHERE 


1.0  GENERAL  COST  RELATIONSHIPS 

The  Coast  Guard  decided  to  separate  the  effects  of  its  regulations  and  programs 
into  two  classifications: 

First  - Those  related  to  safety  benefits  derived  from  reducing  - 

• Deaths 

• Injuries 

• Property  damage 

Second  - Those  other  effects  including  non-accident  benefits  (e.g.,  reduction 
of  insurance  premiums)  and  all  costs. 

Thus,  in  the  proposal,  the  control  sphere  was  defined  to  be  all  those  variables 
not  already  contained  in  the  accident  profile  model  which  are  directly  or 
secondarily  affected  by  Coast  Guard  action  in  the  area  of  recreational  boating, 
which  are  measurable  and  for  which  a functional  relationship  to  Coast  Guard 
activity  can  be  reasonably  obtained.  Therefore,  the  second  classification  is 
synonymous  with  the  control  sphere  and  are  included  in  the  descriptions  of  the 
various  cost  models. 

In  this  section,  the  dynamics  of  the  boating-related  market  environment  will  be 
discussed  with  emphasis  on  systems  thinking.  "Dynamics"  as  used  in  the  context 
of  this  section  will  refer  to  the  evolving  states  of  the  systems  through  time. 

In  describing  this  type  of  dynamism.  Cl  el  and  and  King  (Reference  VIII-1)  stated: 


Most  complex  systems  are  dynamic  in  the  sense  that  they  move  from  state  to 
state  as  time  progresses.  The  dynamic  nature  of  a system  is  one  of  the 
most  significant  characteristics  which  must  be  accounted  for  when  a system 
Is  to  be  designed  and  utilized.  This  is  the  case  whether  the  system  Is  a 
product  to  be  marketed,  a system  to  be  used  as  a management  aid,  or  an 
organizational  system. 


The  purpose  of  the  models  presented  is  to  illustrate  some  of  the  mechanics  and 
behavioral  characteristics  at  play  in  the  marine  products  market  environment  so 
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that  an  understanding  can  be  had  of  some  of  the  control  sphere  negative  conse- 
quences. Therefore,  simplified  sub-models  are  presented  individually  and  finally 
integrated  into  a larger  overall  concept  of  the  elements  of  the  aggregate  marine 
products/boating-related  market.  It  is  felt  that  this  process  will  provide  a 
high  level  of  visibility  and  a framework  to  bridge  the  gap  between  theory  and 
application.  To  quote  Cyert  and  March  (Reference  VI I I -2 ) : 

It  is  a common  practice  in  economic  theory  to  make  a series  of  behavioral 
assumptions  for  micro-units  and  to  generate  from  these  assumptions  a 
parallel  series  of  implications  for  aggregations  of  such  units.  Assumptions 
about  the  firm,  consumer,  and  investor  lead  to  a series  of  predictions  of 
the  behavior  of  markets,  segments  of  the  economy,  and  the  economy  as  a 
whole.  Since  these  aggregate  predictions  can  be  compared  with  aggregate 
data  gathered  from  the  real  world,  implicit  confirmation  of  the  whole  model 
(including  the  underlying  behavioral  assumptions)  is  obtained  by  testing 
aggregate  predictions.  Although  the  traditional  justification  of  this 
methodology  is  questionable,  the  methodology  itself  is,  in  principle, 
unexceptionable. 

In  the  control  sphere  economics,  our  interests  are  not  in  the  micro  (the  indi- 
vidual firms)  but  rather  the  macro  (the  market  aggregate  of  the  individual 
firms).  However,  the  metaphor  is  more  easily  envisioned  by  examining  the 
individual  elements  (individual  firms)  and  gradually  expanding  the  model.  When 
many  different  elements  are  reacting  simultaneously  in  a system,  and  when  all  of 
these  elements  are  interrelated  in  a complicated  way,  analysis  of  the  reactions 
and  the  extent  of  the  various  impacts,  as  well  as  the  future  behavior  of  the 
system,  becomes  very  difficult  indeed.  What  extent  does  a percentage  increase 
in  the  price  of  an  item  (boat,  PFD,  etc.)  have  on  the  aggregate  manufacturers  in 
terms  of  loss  of  sales,  cutback  in  employees  on  the  payroll,  and  in  business 
failures?  What  effect  will  it  have  on  dealers,  marinas,  and  other  service 
organizations?  What  effect  will  an  increase  in  demand  by  manufacturers  for 
certain  raw  materials  such  as  fiberglass,  form  materials,  sub-assemblies,  have 
on  the  pricing  of  the  materials  to  be  purchased?  Will  an  increase  in  demand 
result  in  simply  an  Increase  in  prices?  Will  the  suppliers  expand  or  increase 
the  availability  of  the  materials  with  eventual  price  reductions?  Will  increased 
revenues  and  profits  to  the  suppliers  of  raw  materials  more  than  offset  the 
losses  within  the  inmediate  boating  arena?  The  interactions  and  interdepen- 
dencies are  many  and  extremely  complicated  to  discern  but  even  more  difficult  to 


measure.  The  answers  to  these  types  of  questions,  if  they  can  be  found,  can 
only  be  obtained  through  a better  understanding  of  the  entire  complex  system 
that  unites  these  elements.  Furthermore,  if  the  impacts  of  regulatory  actions 
are  expected  to  be  isolated  from  these  other  perturbations,  then  these  others 
must  be  accounted  for  and  measured. 

Instrumental  in  the  model  analysis  is  the  recognition  that  the  structure  of  any 
system  with  its  many  circular,  interlocking,  and  sometimes  time-delayed  relation- 
ships among  its  components  is  often  just  as  important  in  determining  its  behavior 
as  the  components  themselves.  The  concept  of  feedback  loop  is  paramount  in 
determining  the  time-delay  of  an  effect,  the  length  of  the  effect,  and  its 
direction.  A positive  feedback  loop  is  often  referred  to  as  a ’’vicious  circle." 
The  wage/price  spiral  is  a familiar  example.  An  increase  in  wages  causes  an 
increase  in  prices  which  leads  to  demands  for  higher  wages,  and  so  forth.  In 
such  a feedback  loop,  a chain  of  cause-and-effect  relationships  closes  on  itself, 
so  that  increasing  any  one  element  in  the  loop  will  start  a sequence  of  changes 
that  will  result  in  the  originally  changed  element  being  increased  further.  In 
the  model  to  be  described,  the  many  interconnections  between  the  system  compo- 
nents may  act  to  amplify  or  to  diminish  the  action  of  the  feedback  loops. 

An  example  of  a negative  feedback  loop  is  that  controlling  the  population  of 
manufacturers  affected  by  a regulatory  action.  Normally  the  size  of  that  group  is 
affected  by  the  average  mortality  of  such  a business  which  is  in  turn  a reflection 
of  the  general  economic  conditions.  The  number  of  business  failures  each  year  is 
equal  to  the  total  population  of  these  businesses  multiplied  by  the  average  mor- 
tality rate.  An  increase  in  the  size  of  a business  population  with  constant 
average  mortality  will  result  in  more  failures  per  year.  More  failures  will 
decrease  the  business  population,  and  so  there  will  be  fewer  failures  the  next 
year.  Thus,  the  effect  of  a change  in  the  size  of  the  business  population  tends 
to  be  self-cancelling.  This  is  the  essential  feature  of  a negative  feedback 
loop  - it  is  self -correcting. 
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FIGURE  VIII-1.  FACTORS  AFFECTING  SIZE  OF  AGGREGATE  POPULATION  OF  MANUFACTURERS 

As  the  boating  or  other  user  population  groups  grow,  there  will  be  a growth  in 
the  number  of  PFDs  sold  per  year  (all  other  factors  held  constant).  Recognition 
of  the  PFD  as  growth  market  would  entice  new  businesses  to  enter  the  market  and 
existing  ones  to  expand  operations.  This  would  result  in  an  increase  in  the 
aggregate  manufacturers  assuming  all  growth  is  not  absorbed  by  the  existing 
manufacturers.  In  general,  there  should  be  some  net  positive  growth  rate, 

(B  > x)  in  an  industry  that  is  dependent  upon  market  growth.  However,  further 
complicating  the  problem,  it  must  be  recognized  that  market  growth  (increase  in 
number  of  units  sold)  can  result  when  the  system  is  stable,  (b  = X)  and  when 
business  failures  exceed  the  growth  rate  (8  < x)  and  the  system  is  shrinking. 

As  indicated  previously,  once  the  system  is  perturbated  by  a regulation,  how 
long  does  it  take  for  these  disturbances  to  run  their  course  - one  year,  two 
years,  or  three  years?  If  there  were  no  business  (i.e.,  manufacturing)  failures 
accruing  from  a regulatory  action,  the  aggregate  population  would  grow,  approach- 
ing asymptotically  a ceiling  due  to  market  size  for  the  manufactured  product. 
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If  there  were  no  new  business  starts,  the  aggregate  population  would  tend  to 
i decline  with  time.  These  are  two  extreme  and  simplified  cases  and  a more  precise 

prediction  would  be  dependent  upon  knowledge  of  many  interrelated  factors  such  as 
the  industry  involved,  the  nature  of  the  required  change  in  the  produce,  alter- 
natives available  to  the  manufacturer,  and  alternatives  available  to  the  pur- 
L chaser,  to  mention  a few. 
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FIGURE  VII 1-2 . SIMPLIFIED  MANUFACTURER'S  INPUT-OUTPUT  MODEL 
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Suppose,  for  the  moment,  that  one  is  not  interested  in  whether  the  sheer  number 
of  manufacturers  in  the  aggregate  increases  or  decreases.  Further,  suppose  one 
is  only  interested  in  overall  market  demand  or  the  effects  of  a regulatory  action 
on  the  market  demand  for  the  product  manufactured.  In  this  case,  Figure  VI 1 1 -2 
is  a very  simplified  model  of  a typical  manufacturer  showing  some  of  the  more  com- 
mon inputs  and  outputs.  The  Model  can  be  viewed  as  a system  in  that  changes  in 
some  areas  have  an  effect  on  other  areas  and,  therefore,  on  the  system  as  a whole. 
Some  effects  are  of  the  first-order  and  may  have  a measurable  effect  on  the  market 
demand.  Other  effects  are  second-order  and,  for  all  practical  purposes,  are  not 
measurable. 

Further,  for  the  purposes  of  this  analysis,  one  can  even  simplify  the  model  more 
by  considering  all  raw  materials  sources,  subassembly  and  parts  sources  as  one 
interfacing  box  referred  to  as  suppliers.  Also,  capital  equipment  and  payout  areas 
can  be  dropped  for  some  regulations  as  having  only  very  marginal  effects  on  the 
price  of  the  products.  The  latter  is  possible  as  boat  manufacturing  in  the  country 
is  generally  labor  intensive  and  capital  equipment  (such  as  molds)  affected  by 
most  regulations  is  replaced  normally  at  a rapid  rate  due  to  wear-out  and  model 
changes.  The  model  can  be  presented  as  in  Figure  VII 1-3. 


LABOR 


FIGURE  VII 1-3.  MARKET  MODEL  WITHOUT  REGULATION 
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Figure  VI I I - 3 assumes  a static  condition  of  market  equilibrium  with  no  major  per- 
turbations. A regulatory  action  will  perturb  the  system  balance  to  some  extent 
I and  require  a period  of  time  for  the  system  to  achieve  a new  equilibrium.  The 

disturbing  influence  of  a regulation  is  illustrated  in  rigure  VIII-4. 
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FIGURE  VIII-4.  MARKET  MODEL  WITH  REGULATION 

In  this  example,  a manufacturer  passes  onto  the  customer  the  additional  costs 

incurred  in  the  form  of  higher  prices  (P  + aP)*.  The  revenue  received  by  the 

manufacturer,  (R^  + aR),  for  every  unit  sold,  of  course,  will  equal  the  price 

paid  by  the  customer,  (P  + aP).  The  total  revenue  received  by  all  manufacturers, 

l 

Rj,  will  be: 

n 

Rx  * l (R  + AR)., 

T i=l  i 1 


where  n equals  the  number  of  units  sold  after  regulatory  action. 


* Depending  upon  the  competitive  nature  of  the  market,  and  the  amount  of  incre- 
mental costs  involved,  the  manufacturer  may  absorb  all  or  part  of  the  costs 
with  the  expectation  that  his  demand  will  not  substantially  suffer.  This  may 
be  a feasible  strategy  in  an  oligopolistic  market  environment  where  a business 
concern  is  attempting  to  increase  its  market  share.  It  probably  would  not  be 
a viable  strategy  in  a pure  competitive  market. 
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However,  assuming  that  the  law  of  demand  holds,  the  increase  in  price  per  unit 
will  result  in  a decrease  in  the  quantity  sold.*  That  is,  n < m,  where  m units 
would  have  been  expected  to  have  been  sold  assuming  no  regulatory  action. 

Manufacturers,  however,  do  not  sell  directly  to  the  boating  population  but,  rather, 
operate  through  a dealer  system.  The  dealer  system  is,  basically,  like  the  manu- 
facturing scheme  just  discussed.  Figure  V 1 1 1 — 5 provides  a representation  of  some 
of  the  dealer  interfaces.  This  model  is  simplified  by  only  showing  purchases 
from  manufacturers  when  in  reality  there  are  many  vendors  that  sell  consumaoles 
and  services  to  the  dealers  that  are  necessary  for  day-to-day  operations.  While  a 
degradation  in  the  dealer/distributor  population  would  undoubtedly  have  an  affect 
on  these  vendor  operators,  it  is  doubtful  whether  such  effects  feasibly  could  be 
estimated  with  any  confidence. 

Figure  VIII-6,  titled  "Simplified  Marine  Products  Market  Model  With  Regulation," 
shows  the  completed  picture  of  the  manufacturer,  dealer/distributor,  and  consumer 
chain.  It  is  understood  that  there  is  a time  lag  between  the  time  the  product 
goes  on  the  market  at  the  higher  price  and  the  time  it  takes  the  market  to  react 
to  the  higher  price  by  purchasing  fewer  units.  There  will  probably  be 
some  strategic  guessing  by  the  consumers  hoping  to  outguess  the  system  by  such 
actions  as  postponing  their  purchases  on  the  chance  that  competition  will  cause 
a reduction  in  prices.**  Some  of  these  incalculable  secondary  perturbations  will 
possibly  cause  short-run  forecasting  problems.  Sufficient  time  must  be  allowed 
in  order  to  account  for  all  costs  and  effects  that  will  accrue  as  a result  of 
the  regulatory  action.  The  importance  of  this  diagram  lies  in  the  assumption 

* Since  Revenue  (R)  = Quantity  (Q)  x Price/Unit  (P),  it  is  possible,  even  though 
the  price  increases  and  the  quantity  sold  decreases,  that  the  revenue  will  in- 
crease. An  example  of  this  is  the  present  condition  with  the  coffee  market. 

**  In  a discussion  with  one  major  canoe  manufacturing  executive,  strategic  guessing 
was  given  as  a prime  reason  for  exorbitant  sales  in  one  year.  In  this  particular 
example,  however,  the  consumers  feared  unusual  price  escalation  in  future  years' 
models,  and,  therefore,  "hurried"  their  purchases. 

In  response  to  a Coast  Guard  question  "Isn't  a safer  boat  at  least  partially  a 
selling  point?",  a statement  by  David  E.  A.  Carson,  Vice  President  of  the 
Hartford  Insurance  Group  provides  an  enlightening  answer  (Reference  VII 1-3) : 

"The  public  will  judge  a new  product  or  service  only  on  its  ability  to  do  a 
job  better,  make  recreation  more  exciting,  travel  more  convenient,  and/or 
living  a little  easier.  The  public  will  not  judge  safety.  It  assumes  it." 
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FIGURE  VI 1 1-5.  DEALER/DISTRIBUTOR  MARKET  MODEL  WITH  REGULATION 


FIGURE  VIII -6 . SIMPLIFIED  MARINE  PRODUCTS  MARKET  MODEL  WITH  REGULATION 


(presumably  a fact  more  often  than  not)  that  increased  costs  are  transferred  to 
the  consumer.  Simply  stated,  both  the  manufacturer  and  the  dealer  mark  up  their 
costs.  Figure  VI 1 1-7  illustrates  the  cost  transference. 
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FIGURE  VI 1 1 -7.  COST  TRANSFERENCE  TO  THE  CUSTOMER 
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Some  possible  scenarios  concerning  the  consequences  of  regulation  can  be  described 
and  analyzed  by  means  of  a simple  demand  diagram  as  shown  in  Figure  VIII-8. 


According  to  the  law  of  demand,  the  higher  the  price  of  a product,  the  smaller  the 
quantity  demanded;  or  conversely,  the  lower  the  price,  the  greater  the  quantity 
demanded.  The  price  of  a product  and  the  quantity  demanded  are  inversely  related. 

It  is  hypothesized  that  most  regulations  and  standards  will  ultimately  increase 
the  cost  of  the  regulated  product.  Refering  back  to  Figure  VI I 1-7, * the  customer's 
cost  (C  ) equals  the  dealer's  revenue  and  that  the  aggregate  of  all  the  dealers' 
revenues  is  the  total  revenue  for  the  product.  In  Figure  VIII-8,  the  pre-regulation 
revenue  ( R ^ ) is  given  by  the  simple  equation: 


* This  discussion  assumes  an  unchanged  demand  function.  A "safer"  product  is  a 
"changed"  product  and  therefore  may  have  a changed  demand  function  from  the 
original  product.  Unfortunately,  most  safety  standards  for  boats  do  not 
dramatically  alter  the  overall  appearance  of  the  product.  Therefore  the  boat 
does  not  appear  to  have  changed  to  the  buyer.  While  the  effect  of  increased 
safety  on  the  demand  function  warrants  further  study,  we  believe  the  approach 
of  "no  change"  in  the  function  is  most  accurate  until  better  information  is 
acquired. 
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The  post  regulation  revenue  (R  ) is  given  by  the  equation: 

2 

R = P Q 

2 2 2 

Pre-regulation  profit,  (PR0F)A,  is  derived  by  the  following: 

Q 

l 

(PR0F)fl  ■ Ri  - 

i=l 

Post  regulation  profit,  (PR0F)g,  is  derived  by  the  following: 

q2 

(PR0F)b  = r2  - uEkc 

i=l 

If  ( PROF ) B ^ (PR0F)a>  it  could  be  reasoned  that  the  consequences  of  regulation  had 
no  adverse  effects  on  the  profit  picture  of  the  aggregate  manufacturers.  It  would 
still  remain  to  be  seen  if  any  or  how  many  manufacturers,  beyond  the  expected 
attrition  rate,  were  forced  out  of  business  as  a direct  result  of  the  regulation. 
(While  not  likely,  it  is  possible  that  industry  employment  could  be  reduced  not 
only  by  manufacturer  attrition,  but  also  by  reduced  employment  at  businesses  for 
which  (PR0F)b  < (PR0F)a.) 

The  assumption  that  this  foregoing  discussion  has  been  based  upon  is  that  the  con- 
sumer will  ultimately  absorb  the  cost  of  the  regulation.  It  is  the  purpose  of 
Section  4.0  to  provide  a systematic  method  for  identifying  and  structuring  cost 
elements  and  establish  assurances  that  transferable  costs,  such  as  previously 
described,  are  not  counted  more  than  once. 


2.0  NATURE  OF  COSTS  AND  COST  PROFILES 


Three  types  of  costs  can  be  identified  with  the  control  sphere  costing  process 
as  follows: 

Type  A - One-Time  Costs 
Type  B - Continuous  Costs 
Type  C - Recurring  Costs 


Type  A - One-Time  Costs 

These  costs  will,  as  the  name  states,  occur  once  in  relation  to  a regulatory 
action.  An  example  of  this  type  is  the  costs  of  analytical  research  conducted 
concerning  the  feasibility/desirability  of  a given  potential  regulatory  action. 

Type  B - Continuous  Costs 

Continuous  costs  are  constant  or  are  assumed  constant  with  respect  to  time. 
Examples  of  this  type  of  costs  within  the  Coast  Guard  sector  are  the  following: 

• Enforcement  costs 

• Some  educational  costs 

• Accident  costs  (search  and  rescue,  accident  investigation) 

Type  C - Recurring  Costs 

These  costs  occur  at  some  set  intervals.  Some  Coast  Guard  educational  costs  are 
of  this  nature.  Within  the  industry  sector,  these  are  costs  associated  with 
replacement  of  capital  equipment  once  it  is  worn  out.  (Note:  This  is,  also,  an 
initial  expenditure  and  will  recur  every  few  years  depending  upon  the  life  of 
the  equipment.)  From  an  accounting  perspective,  these  capital  expenditures  are 
depreciated  over  the  life  of  the  equipment. 


A 
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In  the  control  sphere,  these  cost  types  can  be  identified  with  major  breakouts. 

Figure  VIII-9,  Typical  Cost  Accrual  and  Phasing  Profiles,  illustrates  the  four  major 
cost  sectors  of  the  control  sphere.  It  indicates  that  some  years  prior  to  a regu- 
latory enactment  (year  zero  on  the  diagrams)  that  money  is  being  expended  by  the 
USCG  in  R&D  costs.*  As  a particular  regulatory  possibility  appears  imminent, 
industry  costs  related  to  that  problem  increase  as  industry  anticipates  the 
enactment.  Since  there  are  many  initial  costs  (Type  A)  that  accrue  to  both  the 
USCG  and  to  the  industry,  the  cost  profiles  will  often  display  a heavy  expendi- 
ture rate  in  the  early  life  of  a regulatory  action.  Consumer  and  state  costs 
may  also  initiate  at  some  time  prior  to  the  enactment;  the  early  costs  to  con- 
sumers being  the  early  industry  costs  passed  on  to  them,  as  well  as  early  Coast 
Guard  costs  passed  on  to  the  population  as  a whole.  Early  states'  costs  reflect 
education  and  enforcement  activities  and  training  in  preparation  for  the  enact- 
ment. The  total  cost  resulting  from  a yearly  cumulation  of  the  four  major 
sectors'  costs  is  illustrated  in  Figure  VIII-10.  That  figure  reflects  a sum- 
mation of  the  figures  in  Figure  VIII-9  with  redundant  costs  removed.  The 
redundant  costs  were  removed  by  subtracting  costs  passed  to  other  sectors  from 
each  profile  in  Figure  VIII-9  and  then  summing  over  time. 


* It  should  be  kept  in  mind  that  certain  R&D  costs  are  sunk  costs,  and  are  not 
relevant  to  the  decision  concerning  the  future  that  is  being  made.  Those  R&D 
costs  in  the  past  have  no  bearing  on  the  choice  among  several  possible  regula- 
tory alternatives.  Therefore,  in  separating  those  R&D  costs  that  are  part  of 
the  cost-benefit  analysis  from  those  that  are  not,  only  those  after  the 
selection  are  relevant  (Reference  VI 1 1-4). 
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FIGURE  VI 1 1-9.  TYPICAL  COST  ACCRUAL  AND  PHASING  PROFILES 
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3.0  REGULATION  LIFE  AND  BREAKEVEN  POINT 


In  order  to  arrive  at  a fair  and  equitable  benefit/cost  treatment  for  a regulatory 
action,  a tentative  expected  life  must  be  established.  As  was  shown  in  the  pre- 
vious section,  heavy  costs  expenditures  normally  occur  in  the  early  life  of  a 
regulatory  alternative.  Then,  there  is  an  expected  leveling  out  of  costs.  This 
characteristic  cost  function  is  illustrated  in  Figure  VIII-11. 
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FIGURE  VIII-11.  TYPICAL  COST  FUNCTION  OF  A REGULATORY  ACTION 

On  the  other  hand,  the  benefits  attributable  to  such  a regulatory  action  lag 
the  enactment.  A typical  benefit  function,  where  benefits  have  been  converted 
to  dollars,  is  shown  in  Figure  VIII-12. 
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FIGURE  VIII-1 2.  TYPICAL  BENEFIT  FUNCTION  OF  A REGULATORY  ACTION 


By  superimposing  the  benefits  function  onto  the  costs  function,  some 
interesting  questions  arise  such  as  the  following: 

• When  do  the  benefits  start  to  exceed  the  costs? 

• Where  is  the  breakeven  point  in  time? 

• Is  this  alternative  cost  effective? 


The  answer  to  the  first  question  is  obvious  by  examination  of  Figure  VIII-13.  For 
the  illustrated,  hypothetical  costs  and  benefits  functions,  costs  equals  benefits 
[f ( t)  = q(t)]  at  t * 3.2  years,  and  benefits  exceed  costs  thereafter. 


FIGURE  VI I I -13.  COST  AND  BENEFIT  FUNCTIONS  OF  A REGULATORY  ACTION 

The  answer  to  the  second  question  is  the  crux  of  the  problem  of  life  of  a regula- 
tory candidate.  The  breakeven  point  is  that  point  in  time  (m)  where  the  costs 
accruing  to  a regulatory  candidate  are  equal  to  the  benefits.  The  total  costs 
and  total  benefits  to  year  m are  found  by  integrating  their  respective  functions 
as  follows: 

m 

CT  = I (1-0*  C dt 

J -m 

f m 

Bt  = I (1-i )t  B dt 

^ -oo 

where  i = discount  rate.  The  discount  rate  chosen  should  reflect  whether  or  not 
the  monetary  values  are  already  expressed  in  present  (deflated)  dollars. 
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The  breakeven  point  is  found  by  equating  the  two  integrals  and  solving  for  the 
breakeven  point,  m.  Note  the  breakeven  point  may  be  sensitive  to  the  discount 
rate  chosen  if  costs  indeed  lead  benefits  to  a significant  degree. 

Before  the  third  question  can  be  answered,  it  must  be  determined  where  the 
anticipated  life  of  the  regulatory  alternative  (L)  falls  in  relation  to  the 
breakeven  point,  m.  Based  on  benefit  and  cost  considerations,  alone,  a partic- 
ular alternative  is  feasible  only  when  L > m.  It  is,  therefore,  vital  that  the 
expected  life  of  an  alternative  be  estimated  as  accurately  as  possible. 

From  this  overall  discussion,  it  should  be  apparent  that  costs  and  benefits 
cannot  be  compared  on  a year-to-year  basis  due  to  the  irregularities  and  the 
difference  in  phasing  of  costs  and  benefits,  until  the  breakeven  point  has  been 
reached.  This  is  because  until  the  breakeven  point  is  reached  (where  the  total 
costs  up  to  that  point  in  time  have  been  balanced  by  the  total  benefits),  it  is 
not  equitable  to  compare  a given  year's  benefits  with  its  costs. 
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4.0  CONTROL  SPHERE  COST  TREE  MODEL 


The  control  sphere  costs  have  been  separated  into  four  cost  categories: 

1.  Direct  and  incremental  USCG  costs 

2.  Incremental  industry  costs 

3.  Incremental  consumer  costs 

4.  Incremental  costs  to  the  States 

"Incremental"  as  used  in  this  context  refers  to  the  additional  or  extra  costs  that 
would  be  incurred  as  a consequence  of  the  potential  regulatory  action  (i.e.,  one 
being  considered)  or  an  existing  regulatory  action  that  is  being  assessed.  These 
four  major  cost  categories  are  treated  as  being  mutually  exclusive  and  every 
effort  will  be  made  to  assure  that  there  are  no  duplications  of  costs  nor  double 
countings.  Further,  it  is  recognized  that  there  are  some  transfers  of  costs  from 
one  category  to  another  such  as  areas  where  the  USCG  funds  or  aids  the  States  in 
some  activities  and  manufacturers'  and  dealers'  cost  being  transferred  to  the  con- 
sumers. It  may,  in  some  of  these  instances,  be  a matter  of  preference  as  to  where 
these  costs  are  shown  but  from  a cost/benefit  analysis,  it  is  immaterial. 

The  four  cost  categories  represent  the  first  level  cost  breakouts  of  the  model. 

Each  of  these  four  categories  is  further  analyzed  and  separated  into  its  second 
level  cost  elements.  Each  second  level  element,  where  applicable,  is  further 
separated  into  its  basic  third  level  elements.  The  process  is  continued  as  far 
as  is  necessary  within  a cost  category.  Figure  VI 1 1 -14 , Cost  Tree  Model , illustrates 
the  cost  breakdown  process  utilized  in  constructing  the  control  sphere  cost 
model.*  If  the  cost  categories  are  mutually  exclusive,  the  costs  are  additive 
such  that 


FIGURE  VI 1 1 -14.  COST  TREE  MODEL 


As  discussed  in  Section  1.0,  cost  transferences  from  one  category  to  another  must 
be  considered  rather  than  indiscriminate  addition  of  individual  cost  categories. 
The  cost  categories  are  shown  in  a cost  tree  format  which  lends  itself  to  ease  of 
comprehension  and  accountability.  Essentially,  the  entire  model  can  be  under- 
stood throuqh  a brief  examination  of  the  set  of  trees  depicted  in  Figures  VIII-15 
through  VI 1 1-23.  which  make  up  the  Control  Sphere  Cost  Tree  Model.  This  package  is 
a general  model  and  is  the  base! ine  from  which  specific  control  sphere  cost  tree 
models  can  be  developed. 

Since  the  general  model  is  self-explanatory  for  the  most  part,  only  a few  areas 
where  ambiguities  or  misunderstanding  may  develop,  or  where  transfers  may  take 
place  will  be  discussed.  Figure  VIII-17,  Direct  and  Incremental  USCG  Costs,  show 
four  second-level  cost  categories: 

'V. 

1 Enforcement 

2.  Education 

3.  Development 

4.  Program  Effectiveness 

Industry  costs  categories  are  shown  in  Figure  VIII-18.  The  second  level  costs  are 
self-descriptive  and  do  not  warrant  a special  descriptive  treatment.  A third 
level  cost  - incremental  production  cost  - is  expanded  in  Figure  VIII-19.  Fifteen 
fourth  level  categories  are  provided  as  potential  cost  elements  to  be  looked  for. 
The  costs  associated  with  product  redesign  and  methods  engineering  required  to 
support  a regulatory  action  should  not  be  overlooked.  Prototype  testing  costs 
and  any  continuous  type  testing  costs  as  well  as  any  incremental  costs  of  market 
research,  advertising/promotion,  materials,  and  direct  labor  should  be  solicited. 
There  is  a category  of  incremental  overhead  and  another  category  for  costs  identi- 
fied with  additional  records  keeping.  It  is  important  that  if  the  records  keep- 
ing costs  are  tracked  by  overhead  personnel,  that  they  not  be  double  counted. 

Incremental  product  assurance  costs  involve  those  costs  associated  with  the 
development  of  product  assurance  plans,  quality  control  procedures,  sampling 
plans,  etc.,  generally  a one-time  cost,  while  their  continuous  implementation 
costs  are  picked  up  as  reliability,  safety,  quality  control,  and  warranty  costs. 
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Finally,  as  shown  in  Figure  VI 1 1 -19,  the  aggregate  industry  involved  may  suffer  from 
one  or  both  of  the  first  two  categories: 

1.  Industry  aggregate  loss  of  profits 

2.  Industry  aggregate  business  failure  costs 

Both  of  these  costs  have  been  discussed  previously. 

In  Figure  VIII -20 , it  is  possible  that  the  resale  costs  and  insurance  costs  could 
become  negative  due  to  a regulation  or  standard.  For  example,  a level  flotation 
regulation  could  enable  a boat  owner  to  sell  his  boat  at  a higher  price  because 
of  the  level  flotation  feature.  Also,  it  is  possible  that  insurance  carriers 
could  grant  a premium  price  differential  for  boats  having  level  flotation.  These 
"negative"  costs  are  considered  to  be  benefits,  and  thus  would  be  transferred  to 
the  benefit  side  of  the  ledger  when  computing  benefits-costs  ratios. 

It  is  important  to  reiterate  that  cost  tree  models  be  used  in  conjunction  with 
known  facts  and  assumptions  made  with  regards  to  other  models  described.  The 
cost  trees  provide  a starting  point  for  gathering  the  necessary  cost  elements. 

The  cost  tree  elements  cannot  be  indiscriminately  summed  unless  the  respective 
cost  categories  have  been  shown  to  be  mutually  exclusive.  This  assurance  can 
only  be  had  after  all  transfers  have  been  accounted  for. 

Figure  VI 1 1 -24  presents  a partial  categorization  of  consequences  of  regulation 
which  are  difficult  to  predict  and  probably  immeasurable.  They  are  presented  only 
to  recognize  that  there  are  other  factors  that  influence  the  boating  environment. 

To  differentiate  these  factors  from  those  included  in  the  cost  and  benefit  analyses 
we  have  termed  them  "second  order"  consequences. 

In  addition  to  those  shown  in  Figure  VII 1-24 , there  are  potentially  many  non- 
monetary societal  effects  that  impact  the  boating  exposure  and  thus  indirectly 
affect  benefits  and  costs.  Some  of  these  are  as  follows: 

• Increase  in  available  time 

• Cost  of  gasoline 

• War  or  peacetime 

• Change  in  prices  of  raw  materials  used  by  boating  industry 
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t Technology  changes 

• National  emergencies. 

Various  scenarios  can  be  constructed  (using  these  factors)  to  indicate  alternative 
futures  but  the  likelihood  of  a specific  scenario  taking  place  is  not  predictable. 


FIGURE  VIII-15.  SHEET  1 
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FIGURE  VI 1 1-16.  SHEET  2 
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Could  be  negative,  in  which  case  would  be  considered  as  benefits  when  computing  benefits-costs  ratios. 
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FIGURE  VIII-13.  SHEET  4 


FIGURE  VIII-19.  SHEET  5 
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FIGURE  VI 1 1 -20.  SHEET  6 


* Includes  initial  equipment  and  supplies  purchase  costs. 

**  Could  be  negative  in  which  case  would  be  considered  as  benefits  when 
computing  benefits-costs  ratios. 


FIGURE  VI I I -21.  SHEET  7 


* It  is  expected  that,  in  some  cases,  due  to  certain  regulations  and  standards, 
enforcement  and  education  costs  could  be  negative  (i.e.,  decrease  from  base- 
line case)  and  as  such,  would  be  considered  as  benefits  when  computing  benefits- 
costs  ratios. 
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FIGURE  VIII -23 . SHEET  9 
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FIGURE  VI 11-24 . POTENTIAL  SECOND  ORDER  CONSEQUENCES  RESULTING  FROM  REGULATION 


5.0  CONTROL  SPHERE  COST  TREE  MODEL  FOR  CANOE  FLOTATION 


This  section  presents  a specific  control  sphere  cost  tree  model  for  a specific 
hypothetical  regulatory  possibility  related  to  canoe  flotation. 

This  specific  package  of  cost  trees  was  derived  from  the  general  control  sphere 
cost  tree  model.  It  presents  those  potential  cost  areas  that  may  have  relevance 
to  the  hypothetical  regulatory  possibility  cited.  Cost  areas  having  little  or 
no  relevance  to  this  alternative  were  eliminated. 

Data  retrieval  methods  and  data  sources  for  regulatory  cost  analyses  depend  on 
the  nature  of  the  regulation  or  standard  considered.  In  most  cases,  several 
sources  must  be  consulted  in  order  to  obtain  sufficient  data  for  realistic  cost 
analyses.  In  the  canoe  example,  the  canoe  manufacturers  constitute  the  single 
best  data  source  for  deriving  an  estimate  of  unit  cost  and  incremental  cost  per 
unit  increase  due  to  the  regulation  or  standard,  market  share,  markup,  etc. 

Other  supplemental  data  sources  might  include: 

• Marex 

• BIA 

• U.  S.  Coast  Guard  (data  bases  and  knowledgeable  personnel). 

• Insurance  companies 

• Some  large  private  test  companies  such  as 

Underwriters  Laboratories 
Sears 

The  recommended  approach  to  the  problem  of  data  retrieval  is  to: 

t Use  the  general  control  sphere  cost  tree  model  initially  to  develop 
a list  of  relevant  cost  questions. 

• Either  by  survey  questionnaire  method  or  by  personal  interviews  (on 
a sample  basis),  attempt  to  retrieve  the  essential  data  as  shown  in 
the  cost  tree  model. 

• If  the  data  cannot  be  obtained  as  discrete  cost  entities  as  shown  in 
the  cost  tree  model  (maybe  the  manufacturers'  cost  breakouts  are 
different),  then  look  for  cost  data  groupings  where  several  data 
items  have  been  consolidated  or  combined  into  one. 
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• If  necessary  restructure  the  cost  tree  model  that  portrays  the  data 
collected.  This  is  the  specific  model. 

The  cost  tree  model  for  canoe  flotation  is  presented  in  Figures  VIII -25  through 
VIII -33 . 
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FIGURE  VI 11-25.  SHEET  1 
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FIGURE  VI 1 1 -26.  SHEET  2 


FIGURE  VIII -27 . SHEET  3 
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FIGURE  VI 11-28.  SHEET  4 
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FIGURE  VII 1-31 . SHEET  7 


* It  is  expected  that,  in  some  cases,  due  to  certain  regulations  and  standards, 
enforcement  and  education  costs  could  be  negative  (i.e.,  decrease  from  baseline 
case)  and  as  such,  would  be  considered  as  benefits  when  computing  benefits-costs 
ratios. 

VII 1-45 


FIGURE  VIII -32 . SHEET  8 


FIGURE  VII I -33.  SHEET  9 


6.0  CONTROL  SPHERE  COST  TREE  MODEL 
FOR  REVISED  PFD  CARRIAGE  REQUIREMENTS 

This  section  presents  a specific  control  sphere  cost  tree  model  for  the  second 
hypothetical  regulatory  possibility  pertaining  to  revised  PFD  carriage  require- 
ments. This  is  a subset  of  the  much  larger  accident  recovery  problem.  It  is 
recognized  that  individual  alternatives  such  as  this  one  (the  revised  PFD  car- 
riage requirements)  could  be  grouped  or  combined  with  other  individual  alter- 
natives to  produce  large  numbers  of  regulatory  possibilities. 

As  stated  previously,  the  data  retrieval  methods  and  data  sources  will  depend  on 
the  specific  nature  of  the  regulation  or  standard.  The  PFD  certification/approval 
alternatives  discussion  in  Reference  VI 1 1-5  required  the  establishment  of  a basic 
program  costing  equation  that  had  broad  applicability  to  the  various  alternatives 
examined.  This  basic  equation  was  derived  from  the  following  set  of  cost  trees. 

The  location  of  various  data  elements  and  how  the  data  are  incorporated  into  the 
alternatives  is  presented  in  Reference  VI I 1-5 , along  with  assumptions  and  support- 
ing rationale.  A much  simpler  example  could  have  been  provided  that  would  better 
demonstrate  the  application  of  the  cost  tree  models.  For  example,  if  the  problem 
has  been  to  estimate  the  future  costs  of  changing  the  design  of  a PFD  per  se,  then 
the  approach  would  be  similar  to  that  used  in  the  canoe  flotation  costing  presented 
in  Section  IX. 
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FIGURE  VI 11-34.  SHEET  1 
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FIGURE  VIII -35 . SHEET  2 


Could  be  negative,  in  which  case  would  be  considered  as  benefits  when  computing  benefits-costs  ratios. 
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FIGURE  VI 1 1-38.  SHEET  5 
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Could  be  negatl ve , In  which  case  would  be  considered  as  benefits  when 
computing  benefits-costs  ratios. 


FIGURE  VIII -39 . SHEET  6 
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FIGURE  VI I I -40.  SHEET  7 


FIGURE  VI 1 1-41 . SHEET  8 
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FIGURE  VII 1-42.  SHEET  9 
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IX  DEVELOPMENT  OF  CONTROL  SPHERE  FACTORS 


1.0  COST  MATRICES 

Control  sphere  cost  tree  models  were  discussed  to  some  length  in  Section  VIII. 

For  purposes  of  process  documentation,  the  procedure  for  going  from  the  cost 
trees  to  total  cost  for  the  regulatory  time  horizon  will  be  discussed. 

The  cost  tree  models  provide  a logical  breakdown  of  cost  categories.  First 
level  costs  are  separated  into  their  second  level  components.  Second  level 
costs  are,  further,  separated  into  third  level  components,  etc.  The  process 
is  carried  out  as  far  as  is  necessary  to  arrive  at  a level  where  meaningful 
costs  can  De  obtained  with  which  the  analyst  feels  confident.  In  some  instances, 
this  may  be  the  second  level  and  in  others  it  may  require  significantly  greater 
breakdown.  Figure  I X- 1 depicts  the  meaningful  cost  level  concept  using  a hypo- 
thetical relevant  cost  tree  model.  The  shaded  boxes  represent  the  meaningful 
level  for  each  category.  For  the  second  category  (C2 ) * the  second  level  (i.e., 
the  category  itself)  is  meaningful.  For  the  first  category  meaningful  costs 
are  obtained  at  the  third  level  (C^,  C^>  C-j^).  *n  the  third  category,  one 
portion  is  meaningful  at  the  third  level  (C^)  while  the  other  is  meaningful 
at  the  fourth  level  (C^j.  ^322’  ^323^'  These  are  shaded  the  figure.  The 
cost  tree  approach  has  three  primary  objectives: 

• It  forces  a degree  of  systematic  thinking  that  is  necessary  to 
provide  some  assurance  against  oversights  and  double  counting 
of  costs. 

• Cost  traceability  and  accountability  are  visually  displayed 
thereby  providing  a greater  degree  of  comprehension. 

• Cost  trees  provide  a working  structural  model  for  each  year's 
data. 

Once  the  cost  relationships  have  been  established  via  the  cost  trees,  the 
data  categories  can  be  transferred  to  a matrix  format  as  depicted  in 
Figure  IX-2. 
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FIGURE  rX-T . MEANINGFUL  COST  LEVEL  CONCEPT 
USING  A HYPOTHETICAL  RELEVANCE  COST  TREE  MODEL 
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FIGURE  IX-2.  COST  MATRIX,  CATEGORIES  BY  YEARS 


An  examination  of  the  general  relevance  cost  tree  model  illustrates  the  detailed 
type  of  cost  data  that  could  be  required  to  develop  costs  for  a single  time  period 
such  as  one  ye:*r.  In  going  from  the  general  model  to  a specific  model  such  as  one 
for  canoe  flotation,  logical  simplifications  can  be  made  (in  most  cases)  to  reduce 
the  number  of  required  data  components.  The  process  of  gathering  the  data  for 
each  cost  component  is  discussed  in  Section  5.0.  Unless  one  is  thoroughly  know- 
ledgeable of  the  business  and  technical  aspects  of  the  market  involved,  a learning 
period  will  be  required  in  order  to  pinpoint  decision-relevant  costs.  In  face-to- 
face  interviews  with  cognizant  decision-makers,  vital  information  and  data  pertain- 
ing to  costing  can  be  uncovered  that  could  require  further  evaluation  of  the  cost 
models.  Different  manufacturers  approach  a given  problem  from  various  perspectives 
and  thus  costs  are  often  handled  differently.  In  short 3 cost  for  a given  cost 
component  is  a random  variable  from  an  ill-defined  distribution.  In  order  to  handle 
this  type  of  data,  simplifying  assumptions  must  be  made. 

Ideally,  one  would  like  to  derive  a cost  tree  for  each  of  several  years 
so  that  patterns  (trend  in  particular)  could  be  detected.  However,  this  is 
an  elaborate  time  consuming  process  that  requires  the  cooperation  of  the 
pertinent  manufacturers  in  the  involved  market.  The  difficulty  is  a 
function  of  two  primary  factors: 

• The  complexity  of  the  tentative  change  or  modification  required 
by  a particular  regulatory  alternative. 

• The  number  of  manufacturers  in  the  involved  market. 

One  can  envision  a complex  engineering  modification  to  a line  of  boats  required 
as  part  of  a regulatory  action.  However,  there  may  only  be  a half  dozen  manu- 
facturers involved.  Therefore,  a thorough  engineering  and  manufacturing  analysis 
of  each  operation  would  be  feasible  and  accurate  cost  results  would  be  expected. 
Contrast  the  foregoing  with  the  problem  of  having  canoes  equipped  with  flotation. 

The  technical  and  manufacturing  aspects  are  not  overwhelming,  but  they  are  diverse 
due  to  the  wide  variation  in  manufacturer  sizes  and  methods  of  manufacture  thereby 
reflecting  each  manufacturer's  solution  preference.  One  big  problem,  however,  far 


transcends  all  others.  There  are  between  210  and  240  canoe  manufacturers.  This 
is  a volatile  market  and  the  exact  number  at  any  given  time  is  not  known  with 
certainty.  These  are  some  of  the  problems  that  the  analyst  faces  when  attempt- 
ing to  derive  industry  cost  estimates  for  a single  year.  It  is  greatly  com- 
pounded when  one  tries  to  derive  the  costs  for  several  years.  Figure  I X- 3 
graphically  illustrates  the  composition  of  the  cost  matrix  showing  historical 
cost  data  for  several  years  past  to  be  used  to  forecast  future  cost  components. 
It  would  be  easier  to  be  able  to  sum  the  cost  data  for  individual  years  and 
forecast  once  if  possible.  However,  this  simplification  could  create  problems 
in  some  instances  due  to  the  nature  of  the  respective  categories  (i.e.,  USCG, 
industry,  consumer,  and  states),  since  some  of  these  cost  categories  behave 
differently  over  time.  Therefore,  it  might  be  better  to  forecast  each  cost 
category  as  an  entity  and  to  compile  a total  forecast  by  summing  the  individual 
category  forecasts. 


2.0  INFLATION 


By  analyzing  several  years'  cost  data  the  analyst  may  be  able  to  obtain  a cost 
trend.  For  a relatively  simple  problem  such  as  canoe  flotation,  the  forecasted 
data  would  reflect  the  cost  growth  due  to  inflation  (see  Figure  IX-4).  In  this 
example,  the  cost  of  installing  flotation  is  normally  composed  of  the  cost  of 
flotation  material,  miscellaneous  hardware  costs,  bulkhead  or  retainer  costs, 
installation  costs  (including  labor  and  overhead),  and  prorated  costs  for  any 
essential  equipment  or  fixtures.  The  last  category  is  negligible  and  does  not 
warrant  inclusion  in  these  calculations.  Any  cost  increases  in  the  materials  are 
assumed  to  be  attributable  to  inflation  at  their  sources  and  other  increases  such 
as  in  installation  reflect  inflation  of  the  manufacturer's  labor. 

Sased  upon  experience  in  interviewing  manufacturers  pertaining  to  cost  data,  one 
year  year  of  data  is  normally  all  that  can  be  expected  due  to  the  time  and  effort 
it  takes  for  the  manufacturer  to  gather  this  information.  In  most  cases  the  inter- 
viewing process  indicated  that  the  costs  have  not  changed  drastically  for  the 
materials  included  in  the  flotation  package.  It  should  be  noted  that  this  is  not 
to  be  construed  as  meaning  that  materials  do  not  increase  in  price  for  reasons 
other  than  inflation.  Within  the  past  few  years,  the  average  price  of  canoes  has 
nearly  doubled  primarily  as  a result  of  increased  costs  of  basic  raw  materials 
such  as  fiberglass  and  aluminum.  For  this  example,  however,  inflation  accounts  for 
most  of  the  growth  experienced  in  the  changing  costs  for  the  flotation  package.* 

If  manufacturing  costs  (C)  can  be  obtained  only  for  one  year  (YQ),  then  the  manu- 
facturing costs  for  , Y2,  Yg,  through  Yn  in  terms  of  Yq  dollars  is  also  C.  Unlike 
the  example  of  Figure  IX-4,  where  the  costs  must  be  deflated  (remove  the  inflation- 
ary effects)  in  order  to  bring  them  down  to  some  base  year's  value,  no  inflationary 
effects  are  projected  since  the  base  year's  cost  is  used  to  estimate  each  subsequent 
year's  cost. 


* Wyle  has  contacted  foam  manufacturers  to  solicit  their  forecasted  annual  cost 
escalations.  Around  seven  percent  annual  cost  increase  is  projected  by  mar- 
keting. In  retrospect  these  projections  have  been  conservative.  Historical 
data  show  the  annual  escalation  costs  to  be  a little  higher,  as  the  price 
index  equation  in  Figure  IX-6  (inflation  rate)  averages  eight  percent.  Since 
the  price  index  accounts  for  most  of  the  expected  growth  in  cost  of  the  flota- 
tion material,  no  additional  factors  were  used. 
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FIGURE  IX-4.  FORECASTED  COSTS  WITH  INFLATION  IN  THE  TREND 


Figure  IX-5  provides  an  illustration  of  the  effect  of  deflating  a forecast  such 
as  the  one  contained  in  Figure  IX-7.  C _-|  through  C_g  represent  historical  costs 

for  six  years  prior  to  a base  year  zero.  By  inflating  past  data  with  respect 

to  the  base  year,  these  costs  can  be  expressed  in  base  year  dollars.  Therefore, 

the  forecast  based  upon  C\  through  will  provide  estimates  of  future  costs 

-1-0  | 

with  the  inflationary  effects  removed. 
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FIGURE  IX-5.  ADJUSTING  FOR  INFLATION  IN  FORECASTING 


3.0  inflationary  adjustment  RATIO  (IAR) 


Price  Index  Figures  taken  from  Reference  IX-1  were  used  to  derive  the  Price 
Index  equation  (PI)  depicted  in  Figure  IX-6.  The  PI  is  utilized  to  adjust  for 
inflation.  The  following  should  be  noted: 


Forecasting  - When  forecasting  costs,  the  analyst  should  use  only 

base  year  values  to  estimate  future  costs.  Therefore, 
this  data  will  not  contain  inflationary  factors. 

Assessing  - Historical  cost  data  contains  inflationary  factors  which 
must  be  removed  in  order  to  get  it  in  terms  of  base 
year  values. 


The  inflationary  adjustment  ratio  (IAR)  is  defined  as  the  ratio  of  base  year's 
price  index  to  some  future  year's  price  index.  For  example,  the  IAR  to 
convert  1976  dollars  to  1967  base  year  dollars  is  given  as: 


IAR1 967/1 976 


IAR1 967/1 976 
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4.0  DISCOUNTING  TIME-DISTRIBUTED  COSTS  AND  BENEFITS 

Associated  with  a potential  regulatory  decision  will  be  a stream  of  costs  and 
benefits.  For  reasons  discussed  in  Section  VIII,  these  costs  and  benefits 
typically  change  during  the  life  of  the  regulatory  action.  Therefore,  a model 
is  needed  to  evaluate  costs  and  benefits  that  vary  over  time.  Any  such  prob- 
lem can  usually  be  reduced  to  a comparison  of  expected  benefits  and  costs  (in- 
cremental or  total). 

If  a regulatory  alternative  produces  a stream  of  benefits  according  to  some 
function  B(t),  and  costs  according  to  some  function  C(t),  then  the  net  value 
(V)  at  present  worth  may  be  given  by  the  general  model  as  in  Equation  (1). 
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Multiplication  of  a function  by  6”  , where  i is  some  annual  rate  of  interest, 
"instantaneously"  discounts  the  dollars  given  by  the  function  to  their  present 
worth.  Thus,  if  some  function  B(t)  expresses  the  way  in  which  benefits  would 
accrue  in  the  future,  and  if  both  the  function  and  the  interest  rate  are  in 
equivalent  terms  (usually  given  in  annual  rates),  then  each  bit  of  benefits  is 
discounted  to  a present  worth.  The  usual  bank  method,  which  is  discrete  rather 
than  continuous,  is  to  accumulate  money  which  would  be  earned  or  paid  over  a 
period  and  discount  for  the  entire  period.  This  may  be  done  by 

B. 


0 + 0* 


where  B^  is  the  benefits  for  a period  represented  by  t. 

This  is  the  opposite  case  to  that  of  a sum  of  money  earning  compound  interest. 
Dividing  by  (1+1)*  yields  a figure  which  if  it  were  to  grow  at  the  compound 
interest  rate  would  just  equal  the  value  being  discounted.  If  the  discount 
period  is  made  small  and  benefits  are  expressed  as  annual  rates,  then  the  limit 
is  T B ~T 
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where : 


Bt  = annual  benefits 

B(t)  = annual  rate  of  benefits  accrual 

i = annual  rate  of  interest* 

T = period  over  which  it  is  desired  to  measure  benefits. 

Both  sides  of  this  equation  represent  the  present  worth  of  a stream  of  benefits. 

The  primary  reason  for  using  the  continuous  form  is  that  the  benefits  are  con- 
tinuous, not  discrete.  Of  course,  the  period  used  could  be  any  which  was  ap- 
propriate, although  annual  rates  are  most  widely  used  and  readily  understood. 

With  little  loss  in  accuracy,  the  continuous  expression  of  Equation  (1)  may 
be  converted  to  a discrete  equation  as 

8 - C B - C 

112  2 

V = + + ... 

(l+i)1  (l+i )2 

or 


Equation  (2)  is  amenable  to  a tabular  solution. 

The  Office  of  Management  and  Budget  (0MB)  recognizes  that  the  discrete  or  end- 
of-year  lump-sum  method  does  not  accurately  reflect  the  steady  stream  approach. 
The  0MB  uses  a mid-year  conversion  factor  to  adjust  the  data.  The  present  value 
cost  and  benefit  computed  from  a discrete  calculation  can  be  converted  to  a 
mid-year  discounting  basis  by  multiplying  them  by  the  factor  1.048809  (Reference 
IX-2). 

The  process  of  applying  the  discounting  factor  (DF)  to  the  cost  matrix  is  shown 
in  Figure  IX-7. 
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5.0  PROCEDURES  FOR  ESTIMATION  OF  MANUFACTURING  COSTS 
FOR  REGULATORY  POSSIBILITIES  IN  AN  ENVIRONMENT  OF  UNCERTAINTY 

The  estimation  of  costs  to  manufacturers  of  a new  regulation  is  a critical  item 
in  the  prediction  of  the  control  sphere.  There  are  several  methods  that  can  be 
used.  These  are  as  follows: 

L 

1.  The  Engineering  or  "grass-roots"  cost  estimating  techniques  requires  a work- 
breakdown  structure  of  the  work  elements  which  comprise  the  item  to  be 
estimated.  This  includes  the  cost  of  labor  and  materials  for  each  element. 
The  total  cost  estimate  is  then  the  sum  of  the  individual  elements. 

2.  The  "Estimating  by  analogy"  approach  directly  compares  the  cost  of  the 
modification  due  to  the  regulatory  possibility  to  the  cost  of  a similar 
modification  for  which  cost  data  are  available.  The  developed  modification 
becomes  the  baseline  against  which  analogies  are  drawn  and  judgments 
about  costs  are  extrapolated. 

3.  "Cost  modeling,"  a statistical  procedure,  requires  a large  data  base 
of  many  similar  modifications.  The  relationship  is  described  by  a 
mathematical  equation,  called  a cost-estimating  relationship,  and 
is  obtained  by  regression  analysis  which  employs  a method  of 
ordinary  least  squares  on  the  data  base.  The  appropriate  parameters 
of  the  proposed  change  are  then  substituted  into  the  equation.  The 
equation  is  solved  and  a cost  is  obtained. 

Although  each  of  these  techniques  has  certain  advantages,  they  are 
inadequate  for  estimating  costs  of  unique  engineering/manufacturing 
modifications  that  can  be  performed  differently  by  various  manufacturers 
that  comprise  the  affected  aggregate  industry.  Of  the  three  methods 
discussed,  the  engineering  approach  has  the  most  promise  for  those 
modifications  that  are  minor  or  simple  and  for  which  the  variations 
in  costs  from  manufacturer  to  manufacturer  are  inconsequential.  In 
this  approach,  the  product  is  analyzed  as  how  to  best  make  the  modification 


and  is  priced  out  according  to  the  time  and  estimated  labor  rate,  cost 
of  materials,  and  any  additional  costs  required  per  unit  or  product. 

The  unit  cost  is  then  multiplied  by  the  expected  number  of  units  for  th.e 
aggregate  industry  to  arrive  at  an  estimated  industry  cost  figure. 
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Complex  modifications  that  require  expert  opinion  to  estimate  the  modifica- 
tion costs  should  be  done  by  experts.  Therefore,  a form  of  the  Delphi 
method  seems  to  be  the  most  plausible  approach  to  use.  The  Delphi  technique 
is  a systematic  attempt  to  best  utilize  group  judgment  in  areas  where 
knowledge  is  incomplete.  The  best  premises  of  this  method  are  that  "many 
heads  are  better  than  one"  and  that  a group  will  be  more  objective  if 
there  is  no  face-to-face  confrontation.  A typical  Delphi  process  is  run 
in  the  following  wanner.  Each  participant  receives  and  completes  a question- 
naire (in  this  case,  the  participant  estimates  a cost  for  a given  type  of 
modification).  The  identities  of  the  other  members  are  kept  from  individual 
members,  or,  as  a minimum,  the  responses  are  kept  anonymous.  The  statistical 
results  of  the  first  trial  are  forwarded  to  the  individual  respondents 
so  that  each  can  compare  his  answer  to  the  others.  The  participants  at 
the  extremes  are  asked  to  write  short  explanations  of  their  positions. 

Each  participant  then  has  the  opportunity  to  change  his  or  her  position. 

The  process  is  repeated  until  opinion  stabilizes  or,  if  this  proves  to  be 
impractical,  for  a predetermined  number  of  times.  Finally,  the  responses 
are  statistically  analyzed  and  aggregated  to  yield  a group  response. 
Experimentation  with  the  Delphi  method  has  shown  that,  in  areas  of  partial 
information,  it  is  superior  to  other  methods  of  soliciting  group  response. 

The  Delphi  method  can  be  useful  in  a number  of  other  applications  related 
to  regulatory  decision  making.  For  example,  a Delphi  exercise  could  be 
used  to  generate  ideas  within  the  boating  industry  on  how  a particular 
technology  might  develop,  and  then  to  pick  the  most  likely  developments 
and  their  timing.  Delphi  can  be  used  to  try  to  assess  what  goals  might 
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be  worthwhile,  or  what  problem  might  exist.  It  can  also  be  used  to  estimate 
statistics  - for  example,  the  demand  for  materials  basic  to  the  boating 
industry  for  some  years  in  the  future. 


The  method  proposed  is  designed  to  solicit  heuristically  derived  quasi- 
probability density  functions  from  knowledgeable  individuals  concerning 
the  costing  of  manufacturing  changes  that  will  result  from  regulatory 
alternatives.  To  be  useful  in  regulatory  effectiveness,  cost  estimations 
must  be  explicit  in  terms  of  the  impact  of  uncertainties  associated  with 
them.  Unfortunately,  single-point  estimations  do  not  provide  enough 

information.  Such  "sanforized"  information  could  severly  limit  the  control  t 

sphere  models  because  of  the  uncertainties.  The  proposed  method  emphasizes 

the  necessity  of  gathering  as  much  as  we  reasonably  can  about  the  probable 

states  of  development.  Considerations  such  as  these  provide  the  reasons 

for  focusing  attention  on  probability  density  functions  so  that  information 

can  be  developed  and  portrayed  in  such  a manner  as  to  indicate  the  uncertainties 

involved. 

These  heuristic  derivations  have  intuitive  validity  in  that  the  knowledgeable 
expert  who  generates  the  estimates  does  so  with  various  rules  of  thumb 
relationships  he  has  accumulated  in  his  experience.  It  is  based  on  knowledge 
of  labor  rates,  overhead  rates,  materials  costs,  design  details,  and  state- 
of-the-art  technology,  both  now  and  at  a future  date.  This  is  virtually 
an  untapped  reservoir  of  vital  information  that  can  be  used  by  the  0.  R. 
analyst  in  control  sphere  estimations. 

It  is  never  as  easy  as  one  might  wish  to  acquire  the  complete  information 
needed  to  construct  the  heuristically  derived  quasi -probabi 1 ity  density 
functions.  Therefore,  the  0.  R.  analyst  must  carefully  frame  the  questions 
so  as  to  elicit  consistent  understanding  and  completion  of  the  information. 

5.1  Simplest  Density  Functions 

The  simplest  method  is  just  to  ask  the  knowledgeable  expert  to  state  a 
range  within  which  the  modification  to  be  costed  is  estimated  to  lie. 

Then  the  probability  density  function  is  taken  as  a rectangular  distribution 
over  the  range  specified,  as  shown  in  Figure  IX-8. 
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FIGURE  IX-8.  RECTANGULAR  PROBABILITY  DENSITY  FUNCTION 


The  use  of  the  rectangular  probability  density  function,  of  course,  assumes 
that  any  value  within  the  range  specified  is  equally  likely.  This  is  as 
a rule  an  unrealistic  assumption,  which  needs  to  be  overcome.  One  method 
is  to  ask  both  for  the  possible  range,  and  for  the  cost  considered  most 
likely.  Then  the  density  function  is  taken  as  a triangular  density  function 
fitting  the  values  specified  as  in  Figure  IX-9. 


FIGURE  IX-9.  TRIANGULAR  PROBABILITY  DENSITY  FUNCTION 

Often  a triangular  density  is  all  that  is  needed  for  the  analyst  to 
feel  that  the  uncertainty  is  adequately  reflected  by  the  estimates  made. 
Sometimes,  however,  a more  complex  shape  is  warranted,  and  this  can  be 
obtained  by  the  estimation  of  two  possible  ranges  of  values,  one  inside 
the  other.  The  inner  range  is  the  set  of  values  which  the  estimator  considers 
all  equally  likely.  The  outer  range  is  the  range  of  values  that  are  at 


* See  Appendix  IX-A  for  the  derivation  of  the  mean  of  a triangular  density  function. 
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all  possible.  A probability  density  function  can  then  be  formed  which  is 
similar  to  a rectangular  distribution,  but  with  sloping  sides.  Figure  IX-10 
depicts  a trapezoidal  density  function. 


FIGURE  IX-10.  TRAPEZOIDAL  PROBABILITY  DENSITY  FUNCTION 

The  Program  Evalution  and  Review  Technique  (PERT)  system  uses  a form  of 
the  Beta  distribution  to  arrive  at  the  expected  time  for  completion  of  a 
task.  Three  estimates  of  time  - optimistic,  most  likely,  and  pessimistic  - 
are  required.  The  use  of  three  time  estimates  establishes  a range  of  time. 
Pre-developed  statistical  calculations  basic  to  the  PERT  system  are  applied 
to  the  three  time  estimates  to  translate  them  into  an  expected  time  (t0)  that 
indicates  a 50:50  chance  of  completion  on  schedule.  The  basic  PERT  three- 
time estimate  calculation  to  obtain  the  probable  duration  of  an  activity 
(known  formally  in  PERT  as  the  expected  elapsed  time)  is  simple  to  perform 
and  requires  use  of  the  following  equation: 

tn  + 4t  + t 

expected  time  tg  * t ■ — g - 

where:  tQ  = optimistic  time  estimate 
tp  * pessimistic  time  estimate 
tm  = most  likely  time  estimate 

The  most  likely  time  estimate  is  given  four  times  the  weight  of  the  optimistic 
or  pessimistic  in  determination  of  the  expected  time. 
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The  PERT  method  could  be  used  on  costs  as  well  as  time  so  that  the  expected 
cost  is  as  follows: 


c 6 

Where:  Ch  * highest  cost  estimate 
C-|  = lowest  cost  estimate 
Cm  = most  likely  cost  estimate 

The  basic  assumption  of  each  of  the  foregoing  techniques  is  that  the  fore- 
casted manufacturing  costs  can  be  considered  to  be  random  variables  which 
have  probability  density  functions.  Further,  it  is  assumed  that  with  some 
expert  intuitive  judgment  quasi -probabi 1 ity  density  functions  can  be  derived. 

More  sophisticated  probability  density  functions  have  been  investigated 
for  applicability  in  particular  costing  problems  (Reference  IX-3).  The  Beta 
function  is  one  that  can  display  high,  medium,  or  low  variance  as  well  as 
symmetry,  left  skewness,  or  right  skewness.  The  Beta  family  of  density  functions 
is  the  "chameleon"  among  theoretical  density  functions  since  its  form  is  so 
flexible.  Using  an  expert  opinion  and  simplifying  assumptions , a Beta  density 
function  can  be  derived  for  a given  cost  situation . This  method  is  more  tedious 
than  the  straightforward  methods  in  situations  where  a mean  value  of  cost  is  all 
that  is  needed.  If  a Monte  Carlo  simulation  were  to  be  done  utilizing  a cost 
distribution,  then  a Beta  approximation  would  be  preferable  (Reference  IX-6). 

5.2  Cost  Data  Retrieval  Techniques 

It  is  not  practical  to  attempt  to  develop  procedures  for  all  the  decisions  that 
must  be  resolved  by  the  analyst  in  deriving  cost  estimates  for  regulatory  analy- 
sis. This  is  primarily  because  of  the  uniqueness  of  each  regulatory  possibility 
and  the  method  of  cost  retrieval  that  is  most  appropriate  for  a given  problem. 
There  are  general  heuristics  (i.e.,  rules  of  thumb)  that  could  be  valuable 
to  an  analyst  approaching  the  control  sphere  problems  for  the  first  time. 

Figure  IX-11  outlines  some  general  steps  that  are  preliminary  to  the  data 
retrieval  process.  The  first  step,  examine  the  problem,  is  elementary  but 
obviously  essential.  The  analyst  must  make  certain  that  he  understands  the 
technical  depth  involved  in  the  problem  solution  so  that  he  can  hypothesize 
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FIGURE  IX-11.  STEPS  IN  THE  DATA  SOURCE  LOCATION 


one  or  more  feasible  solutions  or  alternatives  that  manufacturers  could 
pursue  toward  compliance  (second  step).  The  third  step  involves  the  formula- 
tion of  a set  of  general  equations  that  provides  the  aggregate  industry  cost. 
Next,  the  analyst  must  identify  potential  data  sources  (fourth  step)  and  select 
the  one  or  ones  that  appear  to  be  the  best  to  tap  (fifth  step).  The  six 
step  consists  of  determining  the  availability  of  the  data  at  the  selected 
source.  Finally,  once  a source  has  been  established,  it  is  necessary  to 
examine  the  general  model  and  formulate  specific  cost  needs  and  decide  upon 
the  method  of  retrieval  (seventh  step). 

The  development  of  the  control  sphere  factors  is  an  exercise  in  a heuristic 
environment.  Heuristics  are  "general  rules  of  thumb"  or  ad  hoc  principles 
that  are  applicable  to  problem  solving  situations  where  algorithms  (i.e., 
formal  procedures)  cannot  be  applied  for  reasons  of  either  economy  or  in- 
herent difficulties.  Heuristic  methods  cannot  be  defined  in  terms  of  general 
problem  solving  techniques.  Instead,  they  are  ad  hoc  methods  designed  to 
fit  specific  problems,  and  they  are  only  loosely  linked  together  by  such 
common  characteristics  as  the  emphasis  on  achieving  results  that  are  "good 
enough"  rather  than  optimal.  Thus,  heuristic  methods  may  be  thought  of  as 
embracing  a philosophy  for  approaching  problems  rather  than  constituting  an 
organized  and  definable  set  of  techniques  (Reference  IX-4).  These  methods  have 
received  considerable  attention  in  the  literature  because  they  offer  an 
approach  to  problems  where  the  precision  of  the  more  classical  solutions  is 
impossible  due  to  insufficient  data  or  reasons  of  economics. 

Newell,  Shaw,  and  Simon  (Reference  IX-5)  have  introduced  a means-end-analysis 
heuristic.  This  proceeds  step-by-step.  The  "ends"  represent  the  stated 
goals  (e.g.,  deriving  an  overall  or  aggregate  manufacturers'  cost  for  im- 
plementing a given  regulatory  alternative).  The  problem  solving  then  con- 
sists of  finding  a path  in  state  space  by  assembling  a sequence  of  inter- 
mediate states  (local  objectives)  and  the  means  to  effect  these  states  which 
leads  to  the  desired  state.  Heuristic  solutions  usually  do  not  provide 
exact  answers  but  based  upon  experiential  learning  and  educated  guesses  in 
areas  of  little  data,  reasonable  estimates  can  be  achieved. 


Recognizing  the  nature  of  manufacturing  environment,  the  analyst  must  strive 
for  workable  solutions  and  reasonable  estimates.  It  must  be,  further,  recog- 
nized that  the  individuals  supplying  the  answers  to  the  questions  are  for  the 
most  part  practical,  pragmatic  business  men  who  use  common  sense,  intuition, 
and  "unquantifiable  feelings"  pertaining  to  present  operations  and  future 
developments.  To  this  extent,  underlying  causal  relationships  (as  in  the 
case  of  estimating  future  costs,  or  developments  within  the  industry)  may  not 
be  verbalized  by  the  persons  contacted,  making  the  identification  of  those 
relationships  difficult. 

The  last  step  in  Figure  IX-11 , is  to  device  specific  cost  data  needs  appropriate 
for  the  method  of  retrieval.  Again,  there  are  no  hard  and  fast  rules  for 
the  analyst  to  apply  that  will  guide  him  to  the  most  efficient  and  effective 
method  for  obtaining  the  essential  cost  data.  At  best,  experienced  opinions 
can  serve  as  a guide.  This  is  presented  in  Figure  IX-12.  The  first  decision 
point  asks  for  an  assessment  of  the  complexity  of  the  compliance  solution. 

Truly,  this  is  not  a simple  binary  decision  as  is  implied.  It  is  recognized 
that  complexity  is  a relative  term.  However,  some  solutions  quickly  could  be 
identified  as  more  complex  than  others.  For  example,  the  determination  of 
costs  for  the  installation  of  flotation  material  in  a canoe  is  straightfor- 
ward. In  estimating  costs  on  more  detailed  problems,  the  analyst  may  want 
to  use  two  independent  methods  in  some  instances  for  added  assurance  that 
his  estimates  are  in  the  realm  of  plausibility.  The  second  decision  point  is 
to  estimate  the  number  of  manufacturers  in  the  given  market.  The  number  20 
was  arbitrarily  chosen.  For  a particular  problem  involving  a particular  mar- 
ket, the  analyst  may  feel  that  10  or  30  are  more  reasonable  breaking  points 
for  size,  depending  on  the  nature  of  the  desired  cost  data  and  the  antici- 
pated time  required  to  gather  it.  If  the  number  of  manufacturers  is  small 
it  may  be  beneficial  to  obtain  cost  information  from  each  rather  than  sample 
the  group.  The  next  decision  level  asks  the  analyst  to  estimate  the  homo- 
geniety  of  possible  solutions.  This  is  a pertinent  question  particularly 
on  those  solutions  that  have  been  labeled  as  "complex."  It  is  not  implied 
that  homogeniety  will  always  occur  in  the  case  of  "simple"  solutions,  but 
it  is  reasoned  that  the  cost  differences  for  simple  non -homogeneous  solutions 
will  be  smaller  than  for  complex  non-homogeneous  solutions.  Therefore,  it  is 
desirable  that  the  data  retrieval  method  be  capable  of  providing  a representa- 
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FIGURE  I X- 12.  HEURISTIC  GUIDE  FOR  SELECTION  OF  COST  DATA  RETRIEVAL  METHOD 


tive  industry  spread.  For  an  alternative  that  is  relatively  complex  with  a 
small  number  of  manufacturers  (less  than  20)  in  the  market  and  where  the 
estimated  solutions  will  be  homogeneous,  the  sample  interview  is  probably 
the  best  approach.  If  the  scenario  stated  that  the  alternative  required  a 
relatively  complex  solution  with  a large  number  of  manufacturers  (greater 
than  20)  in  the  market  and  where  the  solution  probably  would  not  be  homo- 
geneous then  a modified  Delphi  process  and  sample  interviews  could  be  required. 
The  Delphi  questionnaire  must  be  worded  to  solicit  alternative  modes  of 
solution,  relative  frequency  for  each  mode,  and  the  estimated  cost  to  the 
manufacturer. 


Estimation  of  Aggregate  Industry  Cost  of  Compliance 


A simplified  cost  estimating  routine  is  presented  in  Figure  IX-1 3 - It  shows 
two  options  available  to  the  analyst  for  deriving  the  estimated  aggregate  market 
cost. 


e 


Option  1 - This  option  can  only  be  used  where  the  market  share  (S^ 
and  the  total  incremental  cost  (C^ ) for  manufacturer  (i)  are  known 


for  a specified  time  frame  (e.g.,  one  year).  The  estimated  aggregate 
market  cost  (CA)  is 


This  option  is  predicated  on  the  assumption  that  the  incremental 
unit  cost  is  roughly  the  same  for  each  manufacturer. 


Option  2 - The  incremental  unit  cost  (Cu)  and  the  aggregate  number  of 
units  manufactured  (NA)  must  be  known.  The  estimated  aggregate  market 
cost  (CA)  is 


The  choice  of  option  to  be  used  should  be  based  upon  the  assessed  difficulty  of 
obtaining  the  required  components  and  upon  the  amount  of  confidence  placed  in 
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each.  A guiding  heuristic  is  if  there  is  a large  number  of  manufacturers  in  the 
given  market , then  use  Option  2.  This  is  because  of  the  inherent  difficulty  in 
determining  the  market  share  that  any  one  manufacturer  (or  even  group)  has.  For 
example,  there  are  over  two  hundred  canoe  manufacturers  in  the  United  States. 

The  market  share  determination  for  a specific  manufacturer  is  virtually  impossible 
with  any  degree  of  confidence. 

Figure  IX-13  shows  the  fundamental  steps  required  for  each  option.  If  reliable 
market  share  information  is  available  and  if  there  are  only  a few  large  manu- 
facturers (oligopoly)  with  which  to  contend,  then  Option  1 may  be  the  more  logical 
choice  to  pursue.  If  market  share  data  is  not  available  or  not  considered  to  be 
very  reliable,  then  Option  2 may  be  the  preferable  choice.  Option  2 may  be  the 
better  choice  even  if  market  share  information  is  available  but  there  is  a very 
large  number  of  manufacturers  comprising  the  market.  Briefly,  some  of  the  steps 
of  each  option  are  discussed  as  follows: 


Option  1 


Step  1 


- Estimate  market  share,  S.,  for  manufacturer  "1."  This  requires: 

An  estimate  of  the  aggregate  units  produced  by  the  industry,  N^, 
where 


Is  number  of  units  produced  by  manufacturer  "i,"  and  n is  the 
number  of  manufacturers  in  the  industry. 

• Determination  of  the  number  of  units  produced  by  some  manufacturer 

"1,"  Nr 

• Computation  of  market  share  for  manufacturer  "i"  as  - 
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Step  3 - Estimate  aggregate  market  cost,  CA- 
the  following: 


In  this  option  CA  is  computed  by 


To  illustrate  the  mechanics  of  these  two  options,  a very  simplified  example  is 

provided  in  Table  IX-14.  In  this  hypothetical  market,  there  are  three  manufacturers, 
A,  B,  and  C.  The  market  share,  total  annual  cost,  number  of  units  manufactured, 
and  cost  per  unit  are  provided  for  each.  The  determination  of  the  aggregate  incre- 
mental market  cost  (CA)  derived  by  each  option  is  presented  below: 


Option  1 - Using  Manufacturer  A to  represent  either  a specific  manufacturer  or  a 
group  of  manufacturers,  then 


C1 

*7 


where  from  Figure  IX-14, 

C.  = $2000/yr 
S.  = 10% 

Therefore,  CA  = = $20,000  for  a given  year 

The  same  result  is  obtained  by  using  manufacturers  B and  C. 

Option  2 - Since  this  method  is  market  oriented  rather  than  manufacturer 
oriented,  the  unit  incremental  cost  (Cu)  and  the  aggregate 
number  of  units  manufactured  (NA)  are  required.  The  estimated 
aggregate  market  incremental  cost  (CA)  is 


where  from  Table  5-1, 

3 

Na  =y^  N.j  * 1000  units 


FIGURE  IX-13.  SIMPLIFIED  ALGORITHIM 
FOR  ESTIMATING  AGGREGATE 
INDUSTRY  COST  OF  COMPLIANCE 
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Step  2 - Determine  total  cost,  C. , for  manufacturer  "1."  This  step  requires  that 

• The  incremental  unit  cost,  C , for  manufacturer  "i"  be  determined  or 

i 

estimated. 

• The  number  of  units,  N. , produced  by  manufacturer  "i"  be  determined 
(from  Step  1). 

• The  total  cost  be  computed  by 

Ci  “ CU1  ' Ni' 

Step  3 - Estimate  aggregate  market  cost.  C*.  This  step  regal  res  the  outputs 
of  the  two  previous  steps  to  compute 


Option  2 

Step  1 - Estimate  industry  average  incremental  cost  per  unit,  Cu,  as  follows 


n 


C represents  the  incremental  cost  per  unit  for  manufacturer  i 
Step  2 - Estimate  aggregate  units  produced  by  industry  as 


n 


N 


A 


N . , where  N..  is  the  number  of  units 


produced  by  manufacturer  “1"  and  n is  the  number  of  manufacturers  in  the 
industry.  This  is  the  same  as  shown  in  Step  1 of  Option  1. 
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IX- 31 


6.0  MANUFACTURING  COST  EQUATIONS  FOR  CANOE  FLOTATION 


The  control  sphere  cost  tree  model  was  used  as  a guide  to  draft  a canoe  flotation 
survey.  It  was  originally  intended  that  a sample  survey  or  modified  Delphi  Method 
would  be  employed.  However,  due  to  the  fact  that  a Coast  Guard  canoe  flotation 
regulation  has  not  been  developed  as  of  the  time  of  this  effort,  coupled  with 
severe  industry  criticism  of  any  attempt  to  regulate  canoe  design,  it  was 
decided  by  the  Coast  Guard  that  interviews  with  a limited  number  of  typical  canoe 
manufacturers  would  be  more  appropriate  for  this  sample  analysis.  Therefore, 
the  Coast  Guard  arranged  interviews  with  representative  canoe  manufacturers 
(i.e.,  manufacturers  of  aluminum,  fiberglass,  royalex,  etc.  canoes).  The  inter- 
views were  conducted  jointly  by  Coast  Guard  and  Wyle  Laboratories  personnel. 

The  degree  of  representativeness  of  the  data  obtained  in  these  limited  interviews 
is  not  known. 

Some  initial  hypotheses  and  preconceived  ideas  concerning  the  operations  and 
practices  were  proven  correct;  others  were  shown  to  be  invalid.  The  canoe 
flotation  problem  is  not  one  that  would  require  drastic  changes  in  the  manu- 
facturing operations,  and  as  a consequence,  the  cost  equations  illustrate  the 
general  simplicity  of  the  compliance  solution.  A set  of  five  simple  equations 
is  presented  to  illustrate  the  derivation  of  the  per  unit  manufacturing  cost 
(Cu).  These  are  provided  in  Figure  IX-15. 

Since  the  solutions  to  the  problem  are  relatively  uncomplicated,  most  of 
the  cost  elements  presented  in  the  theoretical  model  (relevance  cost  tree 
model)  dropped  out.  Such  potential  cost  items  as  incremental  costs  attribut- 
able to  methods  engineering,  quality  assurance,  safety,  testing,  facilities, 
and  insurance  were  either  non-existent  or  inconsequential.  For  the 
most  part , those  manufacturers  interviewed  were  extremely  candid  and  provided 
the  analyst /interviewer  with  all  details  of  their  operations.  In  some  cases, 
indepth  audits  of  their  costs  were  made.  This  had  the  benefit  of  providing 
an  understanding  of  the  price  breaks  that  are  given  to  the  manufacturers 
as  a function  of  their  order  size  for  raw  materials  such  as  flotation 
materials.  This  is  important  in  determining  the  relative  costs  incurred 
by  large  and  small  volume  operations. 
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FIGURE  I X- 15.  PER  UNIT  MANUFACTURING  COST  EQUATIONS  FOR  CANOE  FLOTATION 


It  has  been  estimated  that  70  to  80  manufacturers  constitute  about  90%  of  the 
canoe  market  and  that  around  140  manufacturers  make  up  the  balance  of  the  10%. 
Roughly  50%  of  the  market  is  held  by  10  aluminum  canoe  manufacturers.  This 
means  that  approximately  70  manufacturers  that  produce  other  than  aluminum 
canoes  hold  about  40%  of  the  market.  These  statistics  are  at  best  rough  esti- 
mates received  from  various  manufacturers  and  were  inadequate  to  determine 
either  market  size  or  market  share.  Therefore,  Option  1 was  not  a feasible 
approach  for  estimating  the  aggregate  industry  cost. 

The  set  of  equations  presented  in  Figure  IX-15  has  been  built  upon  the  concept 
that  the  flotation  is  located  in  the  canoe  ends.  This  does  not  imply  that  other 
methods  are  undesirable.  Estimated  figures  carried  out  on  locating  the  material 
elsewhere,  such  as  on  the  sides,  provided  comparable  answers.  Locating  the  flota- 
tion in  the  ends  was  the  preferred  method  among  most  of  those  interviewed. 

6.1  Derivation  of  Manufacturing  Costs 


The  cost  of  flotation  material  displays  a wide  range  of  values  from  $1.50 
per  cubic  foot  in  slab  form  to  over  $4.00  per  cubic  foot  for  molded  to 
the  manufacturers'  designs.  In  some  instances  it  even  ran  higher,  but 
these  were  special  plug-type  end  units  that  were  highly  finished.  In 
other  words,  a large  part  of  the  manufacturer's  work  was  subcontracted 
to  others.  If  the  luxury  features  and  subcontractor's  labor  were  removed, 
these  units  would  fall  within  the  range  described.  The  problem  of  deriving 
the  actual  cost  per  cubic  foot  of  flotation  material  was  further  compounded 
by  the  fact  that  price  breaks  were  received  according  to  the  manufacturer's 
order  size.  This  meant  that  molded  end  units  for  a small  canoe  that  was 
not  the  best  seller  often  cost  more  per  unit  than  for  a larger  canoe. 

There  are  a large  number  of  factors  that  affect  the  cost  per  cubic  foot  of 

the  flotation  and  there  is  no  feasible  method  of  coping  with  these. 

The  cost  per  cubic  foot  of  flotation  material  is  a random  variable. 

Based  upon  some  data  and  manufacturers'  educated  guesses,  the  probability 
density  function  would  be  skewed  left  as  shown  below. 


If  a triangular  probability  density  function  is  assumed,  the  mean  cost  is 
approximately  $2.83  per  cubic  foot.  This  is  illustrated  in  the  following 
diagram. 


Cost  ($)/ft3  of  Flotation  Material 


While  this  mean  estimate  is  not  the  worst  case,  it  is  biased  toward  the  high  end 
and  considered  a fair  estimate  for  the  industry  considering  that  there  is  a large 
number  of  small  manufacturers  that  would  incur  a higher  cost  than  the  larger 
Operations. 
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The  number  of  cubic  feet  of  flotation  required  per  canoe  is  a function 
of  the  size.  Though  length  is  not  the  only  indicator  of  canoe  size,  it 
does  provide  a fair  one.  It  is  virtually  impossible  to  determine  the 
market  mix  of  canoes  (e.g.  - upon  information  obtained  in  the  sample 
interviews,  the  most  popular  range  appears  to  be  in  the  15  to  18  feet 
category.  Using  ABYC  proposed  standards  and  practices  (ABYC  H-29.0) 
as  a guide,  a range  of  values  can  be  achieved  for  different  designs  and 
construction  materials.  Applying  the  triangular  density  function  to  the 
soft  data,  the  following  diagram  is  obtained. 


Cubic  Feet  of  Flotation  Material 

Therefore, 

3 3 

Equation  1 Cp  * (Mean  Cost/ft  ) . (mean  number  of  ft  ) 

Cp  = ($2. 83/ft3)  . (2.77  ft3) 

Cp  * $7.84/avferage  canoe 

Equation  2 Cg  = $4. 20/average  canoe 

This  figure  was  derived  using  Equation  2 and  average  costs 
from  sample  manufacturers. 
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Equation  3 Cj  * $1 .22/average  canoe 

This  figure  was  derived  using  Equation  3 and  average  labor 
rates  and  average  installation  time. 

Equation  4 C£  = zero 

In  those  operations  where  the  entire  .job  was  handled  by 
the  manufacturer,  very  little  in  the  way  of  fixtures  could 
be  charged  to  this  process.  In  those  subcontracted  flotation 
forms  (i.  e.  ends),  prorated  costs  for  molds  and  fixtures 
were  passed  on  to  the  manufacturer  in  the  costs  paid  per 
unit. 


Equation  5 Average  manufacturing  cost  per  canoe  is  given  by  CMFG 

CMFG  = CF  + CB  + CI  + CE 

CMFG  * $7.84  + $4.20  + $1.22+  $0 

CMFG  “ $13.  26/average  canoe 


In  deriving  cost  per  cubic  foot  of  flotation  material  and  the  number  of  cubic 
feet  of  flotation  material  required,  the  afore  discussed  heuristical ly  derived 
quasi -probabi 1 ity  triangular  density  function  was  employed  primarily  as  a demon- 
stration of  the  method.  In  each  case,  a mean  value  was  obtained.  For  the  bulk- 
head cost  (Cg),  and  the  installation  cost  (Cj)  sufficient  data  was  not  available 
to  warrant  using  the  density  function  approach.  Therefore,  manufacturers' 
estimates  were  averaged. 

The  methods  discussed  in  this  research  have  centered  around  the  ideal  of  using 
mean  value  estimates  for  the  various  parameters.  These  means  or  averages  have 
been  used  as  discrete  values  and  the  distributions  from  which  they  were  derived, 
were  no  longer  used.  For  a more  thorough  treatment,  simulation  methods  could  be 
utilized  to  obtain  a density  function  for  each  parameter  rather  than  solely  an 
estimated  mean  value. 


6.2  Estimation  of  Consumer  Cost 


The  control  sphere  cost  tree  model  for  canoe  flotation  (Section  VIII)  shows 
the  incremental  consumer  costs  to  consist  of  the  following: 

1.  Initial  incremental  cost 

2.  Incremental  resale  cost* 

3.  Incremental  insurance  cost** 

4.  Non-measurable  costs  of  inconvenience,  etc. 

The  first  item,  initial  incremental  cost,  is  the  only  discernible  cost  related 
to  the  canoe  flotation  problem.  It  is,  also,  conveniently  easy  to  estimate. 

In  this  example,  the  manufacturers  pass  on  all  manufacturing  costs  (i.e. , cost 
attributed  to  the  installation  of  flotation)  to  the  dealer  by  the  simple  pro- 
cess of  markup.  The  dealer  in  turn  marks  up  the  price  he  pays  to  obtain  the 
price  he  charges  the  consumer.  This  is  the  most  widely  used  method  of  pricing 
employed  by  business  firms.  The  process  of  markup  has  the  effect  of  removing 
the  manufacturing  and  dealer  costs  from  the  control  sphere  cost  tree  by  trans- 
ferring it  to  the  consumer  branch  of  the  tree.  The  cost  paid  by  the  dealer 
for  the  flotation  is  represented  by  the  following  equation: 


■*  ^ 

MANUFACTURER 

DEALER 
COST  (C„) 

s 

MANUFACTURING 
COST  (CHFG) 

+ 

GENERAL,  SELLING, 
AND  ADMINISTRATIVE 

+ 

PROFIT 

EXPENSES 

m m 

» — 

Similarly,  the  consumer  cost  is  represented  by  the  following  equation: 


- « 

DEALER 

CONSUMER 

DEALER 

GENERAL,  SELLING, 

PROFIT 

COST  (Cr) 

COST  (Dd) 

■f 

AND  ADMINISTRATIVE 

+ 

t 

» 

EXPENSES 

* It  is  expected  that  this  will  be  negative  in  the  sense  that  the  canoe  in 
compliance  will  bring  more  on  resale  due  to  the  regulated  feature  such  as 
flotation.  As  stated  earlier,  these  "negative"  costs  will  be  treated  as 
benefits  when  computing  cost-benefit  ratios. 

**  This  Is  another  negative  cost  feature.  There  is  the  possibility  that  some 
Insurance  companies  may  give  a discount  for  specific  safety  features.  How- 
ever, In  the  canoe  example,  this  possibility  appears  remote. 

•f 
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The  last  two  components  in  the  dealer  and  consumer  cost  equations  are  consolidated 
into  a multiplicative  factor  that  is  applied  to  the  manufacturing  cost.  This 
manufacturing  to  retail  conversion  factor  (F^q)  is  also  a variable  since  it 
represents  the  amount  of  expenses  incurred  by  a company  as  well  as  its  profit 
return.  Therefore,  a more  useful  form  for  estimating  the  consumer  cost  ( C G) 
as  a function  of  the  manufacturing  cost  (CMFg)  is 

CC  = FM/C  * CMFG. 


In  the  canoe  industry  F^c  is  unique  for  each  manufacturer  and  thus,  is 


a random  variable  for  the  industry  as  a whole. 

estimated  for  the  industry  as  2.50,  so  that 


The  average  F^  has  been 


Cc  * (2.50)  . CMFG> 


and  therefore. 


Cc  * (2.50)  ($13. 26/unit) 

Cj.  * $33.00 

It  should  be  recognized  that  the  $33.00  is  an  estimate  of  the  average  cost 
per  unit  increase  passed  on  to  the  consumer. 

6.3  Impact  of  Compliance  on  Loss  of  Sales 

In  the  control  sphere  cost  tree  model  for  canoe  flotation,  under  incremental 
production  costs  is  a cost  component  that  is  designated  industry  aggregate 
costs  due  to  loss  of  sales.  This  cost  component  refers  to  the  impact  that 
regulatory  compliance  by  the  industry  would  have  on  sales.  According  to  the 
Law  of  Demand,  an  increase  in  price  is  accompanied  by  a decrease  in  sales  , 
assuming  no  change  in  the  demand  function.  In  this  section  we  will  again 
assume  that  adding  flotation  would  not  affect  the  buyer's  demand  function. 

As  was  previously  noted,  this  assumption  deserves  further  study  in  future 
work. 
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The  purpose  of  this  section  Is  to  assess  the  magnitude  of  this  Impact,  if 
possible. 

Industry-wide  data  is  unavailable  to  derive  an  accurate  canoe  industry  demand 
function.  However,  sufficient  information  via  the  sample  interviews,  Marex, 
and  manufacturer  brochures  is  available  to  construct  a probable  scenario  of 
what  has  taken  place  in  the  industry  and  the  effects  on  future  sales.  This 
is  depicted  in  Figure  IX-16. 


D 
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FIGURE  IX-16.  SUPPLY  AND  DEMAND  SCENARIO  IN  THE  CANOE  INDUSTRY 
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The  canoe  industry  has  experienced  drastic  price  increases  as  a result  of  the 

accelerating  costs  of  raw  materials  such  as  fiberglass  and  aluminum  as  well  as  the 

general  inflationary  increases.  Over  a recent  three-year  period,  the  consumer 

price  of  canoes  has  increased  about  40%.  A canoe  that  sold  for  $375  in  1973-74 

could  have  sold  for  around  $500  to  $525  in  1975-76.  According  to  the  Law  of 

Demand,  an  increase  in  price  should  have  solicited  a reduction  in  the  number  of 

units  sold.  One  would  particularly  expect  this  to  be  true  as  the  40%  price  increase 

in  canoes  over  these  two  years  was  far  greater  than  the  18%  increase  in  general 

prices  during  that  same  period  (see  Figure  IX-6).  In  Figure  IX-16  an  equilibrium 

point  A for  1973-74  indicates  that  at  $375/canoe,  74,000  were  sold.  By  increasing 

the  price  to  $525/canoe,  there  should  have  been  an  accompanying  reduction  in  the 

units  sold  (from  Q to  Q' ) as  the  equilibrium  point  moved  from  A to  B'  along  the 

12  . . 
Demand  Curve  I.  This  did  not  occur.  Instead,  more  units  were  sold  (from  Q to  Q ) 

1 2 

at  the  higher  unit  price  and,  in  fact,  the  new  equilibrium  point  for  1975-76  was 
at  point  B.  Essentially,  there  was  a shift  in  the  demand  curve  from  Demand  Curve  I 
to  Demand  Curve  II. 

It  was  speculated  by  some  manufacturers  that  this  was  due  primarily  to  consumers' 
anticipation  that  prices  would  continue  to  escalate  in  the  future.  That  is,  the 
purcnasers  who  intended  to  buy  canoes  one  or  two  years  in  the  future  tended  to 
hurry  their  purchases  under  the  assumption  that  prices  would  continue  to  escalate 
at  the  exorbitant  rate. 

The  equilibrium  price  is  not  the  same  forever.  It  changes  from  time  to  time  in 
all  markets  as  the  underlying  forces  of  supply  and  demand  change.  Barring  unknown 
catastrophic  economic  events  and  psychological  consumer  reactions,  small  price 
increases  should  result  in  small  decreases  in  number  of  units  sold  (the  Law  of 
Demand).  Thus,  it  is  expected  that  a 5-10%  increase  in  the  selling  price  would 
solicit  a minor  reduction  in  sales.  However,  without  having  more  specific  industry- 
wide economic  data  from  which  to  develop  a reasonable  facsimile  of  a demand  function, 
a measurable  quantitative  decrease  cannot  be  estimated. 

The  essence  of  what  has  occurred  in  the  period  1973-76  can  be  captured  in  Figure  IX-17 
which  is  a demand  response  surface  of  price  as  a function  the  number  of  units 
sold  and  the  year.  By  holding  the  year  constant,  the  demand  curve  (price  versus 

IX-42 


n.—- 


PRICE  ($) 


Z 


FIGURE  IX- 17.  HYPOTHETICAL  DEMAND  RESPONSE  SURFACE 
FOR  THE  CANOE  INDUSTRY 
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quantity)  is  obtained  for  that  year  by  passing  a plane  into  the  three  dimen- 
sional model  parallel  to  the  ZY-plane  for  that  year.  One  would  expect  a more 
or  less  smooth  continuation  on  the  surface  from  year  to  year.  This  diagram 
illustrates  that  a catastrophic  event,  something  out  of  the  ordinary,  can  cause 
an  abrupt  response  as  shown  in  the  surface  in  the  1976-77  time  frame.  This  is 
one  scenario  that  explains  the  unexpected  response  of  consumers  to  the  unusually 
large  price  change  that  took  place. 

6.4  Aggregate  Cost  of  Compliance 


The  aggregate  yearly  cost  of  compliance  for  a candidate  canoe  flotation  standard 
commensurate  with  the  proposed  ABYC  H-29.0  was  calculated  from  Option  2 of 
Figure  IX-13  and  employs  an  equation  as  follows: 


CA.  - NAi*cu'(e'X,t)  CY<t)-Y,3 

where:  N.  = Forecasted  number  of  units  sold  in  year  i 

fti 

Cu  = Unit  cost  of  flotation  for  year  i 

e"x,t  - Discount  factor  with 

x = Interest  rate  (%)  and  t = number  of  years 


Y(t) 


Percentage  of  manufacturers  in  compliance  at  time  t 


Y(t)  = 0.45+0.05T  (t<10) 
Y(t)  = 0.98  (t>ll) 


for  the  purposes  of  this  example 


and 


Y*  * Percentage  of  manufacturers  in  compliance  prior  to  passage 
of  standard  (estimated  at  20%  for  this  example) 


I 


I 
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Several  different  types  of  regression  equations  were  fitted  to  the  canoe  sales 
data  versus  the  years.  The  best  fit  equation*  was  a power  function 
[N  = 39,577. 56( x-1 969 ) 0 *3723]  with  r2  = 0.94.  This  function  is  presented 
in  Figure  IX-18.  The  equation  was  used  to  forecast  the  number  of  units 
sold  in  year  i. 

As  an  example,  the  aggregate  discounted  cost  for  the  "n"  years  where  n = 10** 
(1977  through  1986)  and  for  interest  rates  of  5%  and  10%  are  provided  in 
Tables  I X-1  and  IX-2,  respectively. 


* Four  other  equations  were  derived  that  proved  good  fits  as  follows: 

1)  N « ( 28, 042. 98) (x-1 968) 0 • 5242  with  r2  * 0.94 

2)  N » (21,336.32)  ln(x-1969)  + 38.316  with  r2  * 0.91 

3)  N = (30,216.91)  ln(x-1968)  + 18,293  with  r2  = 0.92 

4)  N = (38,155.59)  ln(x-1967)  - 2,020  with  r2  = 0.92 

**  The  use  of  n*10  was  arbitrary  for  this  example  to  keep  the  table  to  a reasonable 
size  and  does  not  reflect  the  expected  life  of  the  standard,  which  Is  unknown. 

In  fact,  the  standard  would  probably  be  revised  In  less  than  10  years  time.  It 
would  obviously  be  Important  In  the  cost/benefit  analysis  of  an  actual  standard 
to  Insure  that  the  costs  and  benefits  were  computed  for  the  same  production  run 
(10  years  in  this  case)  of  boats. 
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( 39,577. 56) (X-1 969) °- 3723 


TABLE  IX-1.  AGGREGATE  DISCOUNTED  COST  FOR  TEN  YEAR  PERIOD  ASSUMING 
20%  COMPLIANCE  PRIOR  TO  STANDARD  AND  USING  5%  INTEREST  RATE 


rcentage  In  compliance  at  year  t 
rcentage  In  compliance  prior  to  standard 


TABLE  IX-2.  AGGREGATE  DISCOUNTED  COST  FOR  TEN  YEAR  PERIOD  ASSUMING 
20%  COMPLIANCE  PRIOR  TO  STANDARD  AND  USING  10%  INTEREST  RATE 


2 


rcentage  in  compliance  at  year  t 
rcentage  in  compliance  prior  to  standard 
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APPENDIX  IX-A.  THE  MEAN  OF  A TRIANGULAR  DENSITY  FUNCTION 

In  this  appendix  we  derive  an  expression  for  the  mean  of  a random  variable  with  a 
triangular  probability  density  function. 

Consider  the  triangular  density  function  f illustrated  in  Figure  A-l , where 


f(x)  = 0 if  x<a 
>0  if  a<x<b 
=0  if  x>b 

and  the  mode  of  the  random  variable  Xf  with  this  density  function  is  X^  = c. 


Now  the  area  under  any  density  function  equals  one,  that  is. 


/ 


f (x)  dx  = 1 


As  the  distribution  is  triangular  and  f(c)  is  the  attitude  of  this  triangle,  we 
have 


l/2(b-a) *f(c)  = 1. 


So 


f<‘>  ■ • 

We  now  may  state  and  prove  the  main  result. 


i 

J 
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Theorem:  The  mean  of  the  random  variable  Xf  with  triangular  probability  density 
function  illustrated  in  Figure  A-l  is 

a+b+c 
3 * 

Proof:  To  simplify  the  derivation  we  first  translate  the  distribution,  obtaining 
a congruent  distribution  g with  a'=a-c,  c'=c-c=0,  b'=b-c.  Note  that  g(0)=g(c')= 
f(c)»T|§iBp4p  . The  function  g is,  therefore,  given  by 

g(x)  * o, 

3 a,(a'-birx  ■ rV 

2 ..  2 

' b1  ( a 1 - b r)  x • 

= C 


x^a' 

a'<x<0 

0<x<b' 

x>b' 


The  mean  of  the  random  variable  Xg  with  density  function  g is 


a'2-b'2 
= 3(a"^bT) 


a'+b' 

“F~ 


> 


d 
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The  mean  of  the  random  variable  Xf  is,  therefore,  given  by 


E(Xf) 


E(Xg+c) 


a-c+b-c+3c 

3 


a+b+c 
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X COST  ASSESSMENT  FOR  THE  BASIC  FLOTATION  STANDARD 


Two  data  sources  were  required  in  order  to  derive  a cost  estimate  for  basic 
flotation  - one  source  for  the  number  of  boats  and  another  for  the  amount  of 
flotation  required  per  boat  type.  The  problem  was  somewhat  complicated  by  the 
fact  that  there  was  no  obvious  and  simple  means  for  establishing  boat  categories. 

The  Nationwide  Boating  Survey  (NBS)  was  the  source  for  determining  the  number  of 
boats  affected  by  the  basic  flotation  standard.  It  provides  data  on  four  parameters 
of  concern  as  follows: 

• Boat  type  (i.e.,  rowboats,  skiffs,  bowrider  runabouts,  cabin  cruisers, 

etc. ) 

• Hull  material  (i.e.,  aluminum,  fiberglass,  wood,  etc.) 

• Boat  length 

• Propulsion  type 

Wyle  Laboratories'  compliance  test  data  were  the  only  available  data  from  which 
the  amount  of  flotation  per  boat  could  be  determined.  Selected  essential 
data  from  approximately  400  compliance  test  reports  were  coded.  The  param- 
eters coded  were  the  following: 

• Boat  type 

• Boat  material 

• Boat  length 

• Boat  weight 

• Flotation  for  persons  and  machinery 

• Propulsion  type  *i 

• Horsepower 
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Figure  X-l,  illustrates  the  application  of  some  of  the  coded  information  in 
deriving  estimates  for  the  required  cubic  feet  of  flotation.  An  SPSS  program 
was  written  to  calculate  the  required  flotation  for  the  compliance  test  boats, 
to  sort  the  boats  into  matrices  of  boat  type  versus  length  while  holding  material 
and  power  type  constant,  and  to  compute  the  mean  and  standard  deviation  of  each 
cell  in  the  various  matrices.  These  matrices  are  depicted  in  Figure  X-2. 

The  three  dimensional  array  shown  in  Figure  X-2  contained  many  empty  cells  and  som 
cells  with  only  one  or  two  boats  in  a particular  category.  Each  cell  contained, 
where  available,  the  required  pounds  of  flotation  for  that  category.  A similar 
matrix  was  required  from  the  NBS  data  providing  the  number  of  boats  in  each  cell. 

The  NBS  data,  also,  had  many  empty  cells.  Due  to  sparse  or  no  data  in  some  cells, 
it  was  necessary  to  collapse  or  combine  some  cells.  The  combining  process  was 
based  upon  comparative  similarities  of  certain  boat  categories.  After  the  combin- 
ing operations,  the  array  shown  in  Figure  X-2,  was  condensed  to  30  cells.  Boat,  types 
were  consolidated  into  two  categories,  boat  lengths  into  five,  and  material/ 
propulsion  into  three.  This  condensed  array  is  depicted  in  Figure  X-3.  The  30 
cells  of  information  on  Wyle's  compliance  test  data  and  the  30  cells  of  NBS 
data  were  each  recorded  on  three  2 by  5 matrices.  The  process  flow  for  estimat- 
ing the  cost  of  the  basic  flotation  standard  is  presented  in  Figure  X-4.  The 
process  is  discussed  in  the  eight  steps  that  follow: 

STEP  1 - Compliance  test  data  was  compared  with  the  NBS  data.  Engineering  judgment 
was  used  to  determine  the  rationale  for  collapsing  the  original  matrices  into  the 
three  2 by  5 matrices.  After  the  collapsing  operations,  new  mean  values  were 
computed  for  the  required  pounds  of  flotation.  Some  of  the  30  cells  contained  no 
data.  Again  using  engineering  judgment,  the  empty  cells  were  filled  by  simple 
interpolation  or  extrapolation  operations.  This  set  of  matrices  is  presented  in 
Figure  X-5.  Since  the  average  density  of  flotation  material  is  2 lbs/ft3,  this  set 
of  data  was  converted  to  cubic  feet  of  flotation  required  by  dividing  the  number 
of  cubic  feet  by  60.4  lbs/ft3  (62.4  lbs/ft3,  the  density  of  water  minus  2.0  lbs/ 
ft3,  the  density  of  flotation  material).  The  required  cubic  feet  of  flotation 
per  cell  is  provided  in  Figure  X-6. 

STEP  2 - A cost  scheme  was  developed  where  manufacturers'  cost  (Me)  could  be  derived 
for  each  cell  of  the  matrices  shown  in  Figure  X-6.  Through  telephone  calls  to  boat 
manufacturers,  some  gross  materials  costs  and  some  labor  costs  were  derived  that 
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Flotation  for  persons 
and  machinery 


FIGURE  X-l.  FORMULAS  FOR  ESTIMATION  OF  THE  REQUIRED  POUNDS  OF  FLOTATION  (F„) 


FIGURE  X-2.  THREE  DIMENSIONAL  ARRAY  FOR  BOAT  CATEGORIZATION 


FIGURE  X-3.  CONDENSED  THREE  DIMENSIONAL  ARRAY  FOR  BOAT  CATEGORIZATION 
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FIGURE  X-6.  REQUIRED  CUBIC  FEET  OF  FLOTATION  PER  COMPLIANCE  TEST  DATA 
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FIGURE  X-4.  PROCESS  FLOW 
FOR  ESTIMATING  COST  OF 
BASIC  FLOTATION 


would  permit  an  estimate  of  the  manufacturers'  costs  to  be  obtained.  Labor  costs 
per  boat  were  separated  into  four  categories.  These  groupings  are  as  shown  in 
Figure  X-7.  Finally,  a very  basic  formula  was  established  to  estimate  M^..  This 
equation  is  presented  in  Figure  X-8. 

STEP  3 - Using  the  formula  in  Figure  X-8,  the  flotation  matrices  were  converted  to 
manufacturers'  cost  matrices  for  equipping  a boat  with  basic  flotation.  The  use 
of  the  formula  depends  upon  merely  knowing  the  required  number  of  cubic  feet  of 
flotation  material  and  the  group  into  which  the  boat  has  been  categorized.  Sim- 
plifying assumptions  had  to  be  made  in  deriving  the  formula.  These  are  as  follows: 

» Cost  per  cubic  foot  of  flotation  was  estimated  to  be  $2. 40/ft3.  Engi- 
neering judgment  was  used  to  estimate  this  mean  value  since  it  had  to 
take  into  consideration  different  types  of  materials,  and  different 
methods  of  application.  A lower  figure  than  that  appearing  in  the  pre- 
vious chapter  ($2.83)  was  used  due  to  the  fact  that  the  expensive 
(=  $4/ft3)  polyethelene  foam  used  for  some  canoe  flotation  is  not 
required  for  outboard  boat  basic  flotation. 

• Labor  costs  were  estimated  on  a per  unit  basis.  As  shown  in  Figure  X-7, 
the  basic  ten-cell  matrix  was  segmented  into  four  labor  cost  groupings  by 
length  and  category.  Engineering  judgment  was  again  used  to  estimate  these 
four  costs  based  upon  such  considerations  as  general  size,  boat  type,  boat 
materials,  and  probable  methods  of  flotation  application.  The  general 
guiding  information  used  to  arrive  at  these  labor  estimates  was  obtained 
In  confidence  from  several  boat  manufacturers.  It  was  felt  that  a conven- 
ient breaking  point  was  zero  to  16  feet  and  16  to  20  feet  for  lengths. 

The  Categories  1 and  2 provided  a natural  break  between  boat  types.  There- 
fore, the  four  labor  cost  groupings  were  established  based  on  the  foregoing 
rationale.  As  stated,  the  per  unit  labor  cost  assigned  each  group  was 
derived  from  manufacturers  by  asking  questions  relevant  to  average  time 
It  took  to  perform  the  flotation  Installation,  the  method  employed  and 
the  estimated  average  labor  rate  for  this  skill.  Liberal  rounding  of  cost 
figures  was  required  since  the  data  was  very  rough.  If  better  cost  esti- 
mates are  obtained  at  some  future  date,  the  new  data  could  easily  be 
substituted  for  the  present  estimates. 
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FIGURE  X-8.  FORMULA  FOR  ESTIMATION  OF  MANUFACTURERS'  COST  (M^ 


The  output  of  Step  3 were  the  manufacturers'  cost  (Mc)  matrices  for  flotation. 
These  matrices  are  provided  in  Figure  X-9. 

STEP  4 - Manufacturers'  cost  (M.)  were  converted  to  consumers'  cost  (C  ).  The 

c t 

process  required  two  transfers  as  follows: 

• From  manufacturers'  cost  to  dealers'  cost 

• From  dealers'  cost  to  consumers'  cost 


The  cost  transference  process  is  shown  in  Figure  X-10.  The  manufacturer  adds  to 
his  direct  costs  (Mc)  some  percentage  to  cover  overhead  and  profit  which  is  shown 
as  a multiplicative  markup  factor  k . Therefore,  the  dealers'  cost  is  : 


D 


c 


M. 


• k 
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The  dealer  in  turn  marks  up  his  cost  (D  ) by  some  factor,  k , to  cover  his 

C 2 

overhead  and  profit.  Thus,  the  consumer's  cost  becomes: 


It  was  recognized  that  the  markups  will  be  different  from  manufacturer  to  manufacturer 
and  from  dealer  to  dealer.  However,  in  discussions  with  some  industry  knowledgeable 
manufacturers,  an  estimate  was  derived  for  each  "k"  value  as  1.45.  Therefore, 

C 3 2.10  • M . If,  at  a later  date,  better  estimates  for  k and  k are  provided, 

C C 1 2 

it  would  be  a simple  matter  to  change  the  matrices  to  reflect  this  updated  informa- 
tion. The  output  of  Step  4 is  the  set  of  consumers'  cost  matrices  provided  in 
Figure  X-ll. 

STEP  5 - The  NBS  data  gave  the  number  of  boats  in  a particular  cell  as  described 
previously.  Since  there  were  many  empty  cells,  the  original  matrices  were 
collapsed  into  three  2 by  5 matrices.  The  output  of  the  col  lapsing/ combining 
operations  is  presented  in  Figure  X-12. 


FIGURE  X-9.  MANUFACTURERS'  COST  (Mr)  FOR  FLOTATION 


FIGURE  X-ll.  CONSUMERS'  COST  (C  ) FOR  FLOTATION 
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FIGURE  x-12.  NUMBER  OF  BOATS  PER  1976  NATIONWIDE  BOATING  SURVEY  (IN  THOUSANDS) 


STEP  6 - The  basic  flotation  standard  became  effective  August  1,  1973.  The  data 
retrieved  from  NBS  was  for  all  boats  equal  to  or  less  than  four  years  old.  The 
survey  was  conducted  from  April  to  June  1976.  In  order  to  adjust  the  figures  to 
reflect  the  model  year,  one-half  year  would  have  to  be  deducted  from  the  1973 
figure.  This  was,  therefore,  accounted  for  by  deducting  1/8  from  the  four  years 
of  data.  The  output  of  this  step  is  the  NBS  four  year  data  adjusted  by  this 
factor.  It  is  provided  in  Figure  X-13. 

STEP  7 - Multiplying  each  cell  of  the  cost  to  consumers  matrices  (output  of  Step 
4)  by  its  corresponding  cell  containing  the  adjusted  number  of  boats  (output  of 
Step  6)  yields  a total  or  aggregate  cost  estimate  to  consumers  for  basic  flotation 
for  each  designated  cell  category  [N^  (Cc)^].  The  output  from  this  operation  is 
the  set  of  matrices  shown  in  Figure  X-14. 
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FIGURE  X-13.  NUMBER  OF  BOATS  PER  1976  NATIONWIDE  BOATING  SURVEY  (ADJUSTED) 


FIGURE  X-U.  AGGREGATE  COST  MATRICES  FOR  BASIC  FLOTATION 


STEP  8 - This  final  step  in  the  process  for  estimating  the  cost  of  basic 
flotation  is  simply  a summation  of  the  aggregate  costs  for  each  of  the  30  cells. 
Figure  X-14  provides  the  costs  for  each  of  the  three  matrices  as  follows: 


CMATRIX  A = $36»300»000 

CMATRIX  B = $63»800’000 
CMATRIX  C = $90,300,000 

C 

TOTAL  COST  • £ . » $190,000,000 

j=A 
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1.0  INTRODUCTION 

In  virtually  every  area  requiring  analysis,  the  same  problem  is  encountered:  There 
is  never  enough  data  of  the  "right"  kind  to  solve  the  problem  in  the  "best"  way. 

The  benefit  and  cost  prediction  and  assessment  problems  of  the  Coast  Guard's  recre- 
ational  boating  program  are  no  exception.  However,  in  this  report,  we  have  attempted 
to  be  pragmatic;  with  very  few  exceptions,  we  have  provided  the  Coast  Guard  with 
methods  it  can  use  now  with  data  it  currently  has  or  can  obtain  with  relative  ease. 

We  have  also  in  some  cases,  notably  costing  methods,  provided  more  detailed  methods 
which  the  Coast  Guard  can  use  if  and  when  it  is  able  to  obtain  the  appropriate  data. 

In  the  following  pages,  we  first  describe  the  problems  with  and  requirements  for 
data  encountered  in  developing  the  benefit  prediction  and  assessment  methodology  and 
then  discuss  data  requirements  for  the  corresponding  cost  methodology.  It  should  be 
noted  that  information  requirements  of  the  Activity  Profile,  whether  related  to  costs 
or  benefits,  can  be  obtained  "in-house,"  i.e.,  within  the  Coast  Guard  itself,  for 
it  maintains  records  of  its  costs  and  activities. 


2.0  DATA  REQUIREMENTS  FOR  BENEFIT  ESTIMATION 


By  far,  the  most  important  source  for  data  needed  in  benefit  prediction  and  assesement 
is  the  Coast  Guard's  file  of  recreational  boating  accident  reports  and  the  Master  File 
data  base  derived  from  the  reports.  It  is  important  that  these  sources  of  data  be  as 
accurate  and  complete  as  possible.  To  accomplish  this,  there  must  be  improvements 
in  both  accident  reporting  and  data  coding.  These  improvements  include: 

(i)  More  accurate  and  complete  reporting  of  data  currently  called  for 
in  accident  reports 

( i 1 ) The  inclusion  of  data  in  accident  reports  which  is  not  currently 

called  for 

(iii)  More  accurate  coding  of  data  from  accident  reports  into  the  Master 
File  data  base 

(iv)  The  inclusion  in  the  Master  File  of  data  currently  contained  in  accident 
reports,  but  not  coded  into  the  Master  File 

(v)  The  inclusion  in  the  Master  File  of  data  which  should  be,  but  which 
is  not  currently  called  for. 

In  order  to  have  accurate  comparisons  between  the  accident  circumstances  which  result 
in  survivals  and  those  which  result  in  fatalities,  it  would  be  ideal  to  have  complete 
data  on  non-fatal  accidents.  However,  it  is  unreasonable  to  expect  that  it  will  ever 
be  possible  even  to  obtain  incomplete  reports  on  all  non-fatal  boating  accidents. 

The  methods  in  Reference  XI-1  are  suggested  as  an  alternative. 

Although  improvements  i)  and  ii)  cannot  be  reasonably  implemented  for  all  accident 
reports,  these  improvements  can  be  implemented  for  MIO  reports  of  fatal  accidents, 
since  the  Coast  Guard  has  control  over  these  reports.  These  suggested  improvements 
are  already  being  implemented  bn  a test  basis  through  the  use  of  a Recreational 
Boating  Accident  Investigation  Booklet  (Reference  XI-2). 

The  most  important  additional  data  which  should  be  included  in  the  reports  are  data 
related  to  Coast  Guard  safety  efforts,  either  ones  currently  in  effect  or  ones  which 
are  contemplated.  For  instance,  in  order  to  be  able  to  evaluate  the  effects  of  the 
introduction  of  Type  III  PFDs,  data  on  the  availability,  number,  types,  and  use  of 
PFDs  in  accidents  should  be  reported. 


Suggested  Improvement  (111)  Is  presented  because  of  difficulties  encountered  with 
the  Master  File  data  base.  For  example,  in  over  50$  of  the  fatal  accident  records 
in  the  Master  File  the  boat  year  of  manufacturer  was  coded  as  "unknown."  In  our 
experiences  in  coding  data  for  ARM,  we  found  that  in  only  about  20$  of  the  fatal 
accidents  was  the  year  of  manufacture  actually  not  available  in  the  accident  reports. 
Obviously,  a problem  exists  in  transferring  the  data  from  accident  reports  to  the 
Master  File.  If  a monetary  constraint  exists  in  improving  the  coding  procedures,  we 
suggest  that  it  be  partly  relieved  by  coding  less  data,  but  being  accurate  with  the 
data  which  is  coded.  For  instance,  variables  such  as  "Accident  Descriptor  1,"  which 
are  chosen  through  subjective  decisions  could  be  omitted.  When  needed  for  a 
particular  application,  data  such  as  this  would  normally  be  obtained  as  part  of  a 
special  accident  profile  development  project  in  which  individual  reports  would  be 
analyzed  by  specially  trained  individuals  according  to  a specifically  designed 
coding  decision  procedure. 

Suggestion  (iv)  is  specifically  aimed  at  coding  the  Hull  Identification  Numbers  (HINs) 
of  boats  into  the  data  base.  The  HINs  contain  valuable  information  which  should  not 
be  lost. 

Suggestion  (v)  is  linked  to  Suggestion  (ii).  Accident  data  which  is  reported  specif- 
ically because  it  is  related  to  Coast  Guard  safety  efforts  should  be  coded  into  the 
Master  File  so  that  it  can  be  statistically  analyzed,  including  analyses  with  the 
methods  presented  in  this  report. 

We  reiterate  the  most  important  points  in  data  requirements  for  benefit  estimation 
problems: 

• Basic  data,  including  boat  type,  length,  etc.  must  be  reported  and  coded 
accurately 

• Year  of  manufacture  data  must  be  reported  and  coded  accurately 

• Month  of  manufacture  is  also  required  if  safety  standards  become 
effective  (officially  or  unofficially)  at  other  than  the  beginning  of 
a model  year 

• HINs  must  be  reported  and  coded 

• Data  which  will  enable  one  to  distinguish  as  to  whether  boats,  individuals 
or  equipment  "comply"  with  a program  should  be  reported  and  coded. 
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Two  points  should  be  remembered  in  reporting,  coding,  and  storing  data: 

• Variable  definitions  should  not  be  changed,  as  this  may  introduce 
undesirable  intervention  effects  in  the  data.  If  changes  in  variable 
definitions  are  to  be  made,  they  should  be  included  as  new  variables. 

• Master  File  data  should  no_t  be  discarded  after  ten  or  fewer  years  as  is 
the  current  practice.  The  time  series  techniques  presented  here  work 
best  with  long  series  of  data. 

If  the  Coast  Guard  wishes  to  be  able  to  determine  relationships  between  boat  pro- 
duction shipments  or  sales  and  boating  fatalities,  accurate  monthly  data  over  a 
period  of  years  will  be  required.  Also,  to  obtain  relationships  between  boating 
activity  and  fatalities,  several  years'  data  from  Nationwide  Boating  Surveys  will 
be  required. 

Finally,  we  must  bring  to  the  attention  of  the  Coast  Guard  a problem  which  we  have 
heretofore  purposely  avoided.  We  refer  to  the  problems  associated  with  benefit 
. estimations  related  to  multi-boat  accidents.  The  Master  File  is  not  set  up  in  such 
a manner  that  it  can  be  used  to  generate  the  data  needed  for  such  benefit  evalua- 
tions. For  instance,  a standard  might  cause  a reduction  in  fatalities  in  two-boat 
collisions,  but  much  of  this  reduction  might  be  due  to  saving  lives  on  the  second 
boat,  i.e.,  the  one  which  didn't  satisfy  the  standard.  As  fatalities  are  coded  for 
each  boat  separately,  one  does  not  have  available  for  use  the  fatality  total  for  the 
accident.  We  therefore  suggest  that  in  addition  to  the  currently  coded  data  on  fatal- 
ities, injuries,  and  property  damage,  new  variables  be  added  to  the  Master  File  which 
give  the  accident  totals  of  fatalities,  injuries,  and  property  damage.  That  is,  the 
record  for  each  boat  would  contain  both  a variable  for  the  number  of  fatalities  on 
that  boat,  and  a variable  for  the  number  of  fatalities  on  all  boats  in  the  accident, 
etc. 


3.0  DATA  REQUIREMENTS  FOR  THE  CONTROL  SPHERE 


Throughout  all  the  discussions  pertaining  to  the  control  sphere,  the  problems 
associated  with  cost  data  have  been  highlighted.  Cost  data,  unlike  the  boating 
accident  data,  is  unique  to  a given  regulation  or  standard  under  consideration  and 
more  importantly,  unique  to  a particular  facet  of  the  boating  related  industry.  , 

The  approach  taken,  therefore,  has  been  to  derive  ideal  cost  trees,  models,  and/or 
equations  for  the  unique  situations  and  to  determine  the  data  availability  within 
the  framework  of  the  expense  involved  in  obtaining  the  necessary  cost  data  and  the  : 

inconvenience  to  that  industry.  As  in  the  case  of  the  canoe  flotation  cost  data,  i 

possibly  more  precise  estimates  could  have  been  obtained  by  means  of  a modified  : 

Delphi  approach  than  the  sample  interview  technique.  However,  since  the  former  ^ 

method  would  have  required  more  expense,  more  time,  and  a larger  inconvenience 
to  the  canoe  manufacturers,  the  sample  interview  method  was  used  instead. 

In  those  cases  where  the  data  has  less  precision  than  one  would  hope  for,  the  ideal 

cost  model  often  would  have  to  be  modified  for  this  contingency.  Thus,  the  analyst 

is  forced  to  derive  from  the  more  rigorous  or  more  sophisticated  model  a less 

desirable  heuristic  model  suitable  for  the  quality  of  the  data.  This  is  exemplified 

in  the  canoe  flotation  cost  analysis.  In  Section  VIII,  an  ideal  set  of  cost  trees 

was  constructed.  However,  due  to  the  nature  and  quality  of  the  data,  the  trees 

were  simplified  by  various  combining  operations.  The  result  was  the  set  of  funda-  l 

mental  cost  equations  for  the  per  unit  manufacturing  cost  (Figure  IX-15)  and  the 

other  equations  discussed  in  Section  6.2  of  Section  IX.  In  essence,  the  quality  and 

detail  of  the  data  dictate  the  depth  of  the  cost  equations.  Most  likely,  heuristic 

cost  models  will  be  required  on  practically  all  regulatory  costing.  This  procedure 

is  depicted  in  Figure  XI-1. 

Cost  analysis  is  dependent  upon  an  understanding  of  the  engineering  aspects  of  a 
regulation  or  standard.  The  analyst  must  fully  understand  the  difficulties  that  the 
affected  industry  faces  In  going  from  the  standard  on  paper  to  its  implementation  in 
the  marketed  product.  Further,  he  must  recognize  that  various  manufacturers  may 
employ  different  solutions  in  meeting  the  regulation  or  standard.  Where  possible, 
these  differences  should  be  reflected  in  the  cost  modeling.  This  might  require  the 
usage  of  density  functions  as  discussed  in  the  canoe  flotation  example  to  take  into 
consideration  the  various  alternative  approaches  and  their  respective  costs.  j 


XI-5 


FIGURE  XI-1.  BASIC  REGULATORY  COST  PROCESS 


In  Section  VIII-4.0,  Control  Sphere  Cost  Tree  Model,  some  caveats  were  mentioned 
or  discussed  that  established  data  requirements  relevant  to  the  general  control 
sphere  cost  tree  model.  Four  basic  categories  of  costs  were  established: 

• U.  S.  Coast  Guard  Costs 

t Industry  Costs 

• Consumer  Costs 

• States  Costs 

The  general  cost  tree  package  provided  cost  elements  for  each  category  that  requires 
cost  data.  This  model,  as  has  been  expressed  previously,  provides  the  framework 
from  which  problem  specific  trees  can  be  developed.  Coast  Guard  cost  requirements 
are  provided  in  Figures  VIII-17,  VIII -22 , and  VIII -23 . Industry  cost  requirements 
are  shown  in  Figures  VIII-18  and  VIII-19.  Consumer  costs  are  broadly  presented  in 
Figure  VIII -20 . Though  many  cautionary  statements  have  been  made  throughout  the 
cost  section  pertaining  to  cost  transference  from  the  manufacturer  to  the  consumer 
(i.e.,  from  the  industry  cost  category  to  the  consumer  cost  category),  it  is  worth 
further  mention  at  this  point.  Of  the  four  cost  elements  presented  in  Figure  VIII- 
20,  only  two  may  actually  be  cost  outlays.  These  are  the  initial  incremental  costs 
and  any  additional  maintenance  costs  that  could  be  attributable  to  the  regulation 
or  standard.  The  other  two,  incremental  resale  costs  and  incremental  insurance 
costs,  may  be  benefits.  The  incremental  initial  costs  as  have  been  described  are 
computed  from  the  manufacturing  costs  by  applying  markup  factors  to  the  latter.  The 
final  major  cost  category  is  the  states  costs.  Figure  VIII -21  provides  convenient 
cost  requirements  for  this  category. 

In  the  cost  trees,  emphasis  has  been  on  the  "delta"  from  the  baseline  case  before 
regulation.  Thus,  the  trees  do  not  show  all  the  data  requirements.  Obviously, 
a good  amount  of  "quality,"  historical  data  is  essential  in  order  to  establish  the 
cost  for  the  baseline  case  so  that  cost  predictions  can  be  rendered  for  the  regulated 
case.  Specific  data  requirements  taken  from  the  canoe  cost  example  discussed  in  this 
report  are  the  following: 

• Historical  (yearly)  canoe  sales  data 

• Number  of  canoes  complying  with  the  canoe  flotation  standard  prior  to  the 
standard's  promulgation  date  for  each  of  several  years  in  the  past 

• Cost  of  flotation  materials  per  cubic  foot 


• Number  of  cubic  feet  of  flotation  material  required  per  canoe  of  given 
lengths,  sizes,  and  designs 

• Cost  of  installing  flotation 

• Industry  selling  and  administrative  expenses  and  industry  profit  per 
canoe  or  markup  factors  for  going  from  manufacturing  cost  to  consumer  cost 

• Demand  impact  on  sales  due  to  the  standard 

• Interest  rates  for  discounting 

The  above  listing  is,  also,  typical  of  the  nature  of  cost  related  data  requirements 
needed  in  the  basic  flotation  standard  applicable  to  boats  under  20  feet  in  length. 
Regardless  of  standard  or  regulation  under  consideration,  sales  data  is  always  a 
requirement. 

Regulatory  cost  modeling,  therefore,  is  pragmatic  in  nature.  It  requires  knowledge 
of  manufacturing  processes,  good  cost  element  tracking,  and  a thorough  systems 
analysis  to  methodically  progress  from  engineering  requirements  to  manufacturing 
approaches  to  costing. 
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